


PREFACE. 


This work is altogether designed for the use of students 
in the Dublin Universityj but as it may fall into the 
hands of some not aware of this circumstance, and who 
may expect many things not found therein, and may 
meet with other things to them apparently unsuitable, 
or insufficiently illustrated, it is necessary to give some 
explanation. 

A treatise on astronomy professing to be complete, 
ought, in the first place, to abound with examples. In 
a treatise, however, merely designed to teach the out- 
lines of the science, and to point out wl^at may incite and 
lead to fixrther inquiiy, such examples arc unnecessary. 
In the necessarily limited portion of time devoted to as- 
tronomical science in the course of a University educa- 
tion, a multitude of examples would, to the mass of 
students, be perfectly useless. It would bo, therefore, 
improper to increase thereby the size of this volume, 
which has been prepared at the request of the college 
for their use. 

Again, it may he said, that more matter was intro- 
duced than was absolutely necessary ; that it vvasi unne- 
cessary, for instance, to introduce the subject of nslro- 
w/w 
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clelics, both at liome' and abroad, constitute a tliii’d very 
cUitensive source of information on' 'tins Subject, ' 

Works on trigonomoti’y arc so numerous, and its 
applications so readily referred to, that 'in common in- 
stMct'S'it lias fiot been 'thought necessary to' particular- 
ize 'any authoi ' In the Appendix, for which' a more 
c'xtCiidcd knowledge of trigonoibetry is' riccet'sary, the 
tieatiscs of Piofcssbi Woo'dhbiiso and 'Mi'. Luby have 
b6cn ‘(Quoted.' ' TheSc works will' be' fd'uAd t|viltc siilft- 
clcnt for obtaining the prcpiii'iitoiJl'knowl6'dj^'e‘ of "tin- 
gohofnetry nccossiu‘y' for tli6' m'oi’b' difliciilt p'drls of 
astronomy. " ' > ' < ' . t in m 

*** The author had intdnddd tb p'rCpate 'some ad- 
dition^ for' this wbi’ki prirtieulSirly bii' lh6''dnbjcct of 'dou- 
ble stats' and' coirtots,' and bn the' tcih'pcraturb of 'the' earth 
and 'its ' Variations.' His' distifessih'g ' hiid t'bdioiis' ilhi'esd', 
with the harassing duties of his ministry, tihfoi'tiuiat'ely 
pi'cvcntcd him from fulfilling this intention'.' ' 

' It IS now too late, with regard to thbjh'Gscnt edition, 
to think of supjilyittg the deficiency.' Th'o Itilbwlbcl^c 
of s'cientific men on the subjects alluded to is morobver 
still in a vbry iinpctfect stiiJtc, and the disdissloil of tli'bln 
miiy th'orcforo be fairly rcsoi’vcd 'for a future' cditioii. 
Pbl' a highly ilitci’CStlng dbtall of till that'hflS b'bciV'dohe' 
ihthdse ilnatters, at well as of the nature of the 'questibhs 
themselves, and the various modes of sulijectiiig tlibin 
to the tests of observation and calcnlatioii, the reader 
is rc'fonod to the astronomical treatise in Lbrdner^s 
fjyclbpedia,"by (Sir Ji Hbl'schel. ‘ 
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Pugo XVII Hue 18, Insert commas after the words *^raoon** and "planets." 

4, 12,/o; in teudon, 

25, — 17 The interposition of largo opaque bodies revolving about them 
IS assigned by Laplaco as nnotlier explanation of this pbono- 
inenon 


43^ 2 3, /or procison read precision 

00, 17, /oi 56" 2 read 50" 2. 

77^ — l7 Thislawof Piofcsaor Code would also fix a planet at Iho car tips 

distance horn the sun, and thus it affords an aigumont for 
the eartlPa anmilai motion Slmllai laws Imvo been shewn 
by Mr, Challis of Cambridge, to exist for tho BatoUltos, tbws 
for Jupiter's satellites, foi example i 


1st, ... 7 =7 

2nd . . .7 + 4 =11 

Srd . 7 4.4f|)=n 

dill 7 + ^ f'ly = 32 


Cambridge Phil Trarih vol, ill. 

102, Ilf for 1884, read 1835, By the calculations of Pontoooulant and 

Damoiseau, the return of this comot to Us perihelion was 
fixed, by the former to tho 7th, and by the latter to tho 4tli 
of November, 1835 

■ 109, i6,/cir neigliburliood read neighbourhood. 

. 139, 21, /oi polans = O'’ 54'37" read a polails ♦ , ♦ 0'> 87* 

. 158, 1 7, /or a second, read half o second. 

- 177, Ibffor 20 years, read 30 years 

- 267, — 14, /or P6 read Vet 

-268, 20, /or (art 110)read(art 110) 

•*260,—^ df forrreadp' 

- “ 1 0,/oi r^t t ead rd 

^ 202, 15, for sm lead sin SP 

^2d3, 18, /or rZP read ZrP. 

».205, 20, /or 133, tead 176 
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INTRODUCTION. 


The science of astronomy has advanced to its present stale^ 
hy means of a series of observations and discoveiics made 
dining a long course of ages. Wo can now select from 
these, such as will best conduce to demonstrate tho true 
system, and explain the various phenomena 

Astronomy, by making known to us the nuraensily of 
the Cl cation, necessarily increases our reverence of the 
Divine Creator, This alone, is a sufficient reason for making 
it a pait of general education. It also, perhaps, furnishes a 
more .satisfactory application of tlie abstract sciences, than 
any other part of Natural Philosophy. Its practical utility 
IS also considerable. It has always been useful in Cjoo- 
gvaphy and Navigation, and lately has afforded splendid 
asHislanco to the latter, hy the lunar mclhocl of finding the 
longitude at sea 

When the studont first applies himself to subjects of 
Natural Philosophy, it is of much importance that he should 
proceed by tho same strict and accurate manner of invcsli- 
galion, to which he had hocii accustomed while engaged iu 
the rudiments of MaUiemaUcs, 
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'riu' oi iiiuitt III til iiiiiiiuiii rtiiii 111 iiKoitiiii 

iiimi'i'vuliuiH, mlmUi* ul' on nrrrtiiji* imiii, wliiili «iU 

wUll ll'rtHtH'l til lilt' llllisl iHUHirtrtllt, t.Ula III \it«'i.ll<'ii»l,, 
iii'iuly (lit* utimi' lU'ftra* uf iiuuuImih t>< tin* iimid hi it 
mvcj« fromtlm I'U'iiii'iilrt mI' I^iiciiil. hihI viliuh rniuirtr liiih 
iiiorr pvi'jinnUury kiUT\ili‘iI^c% Hiirh nit nn-iiiuii lufiit )i«a ii«’H 
lii'cii liml ill vlott, 

U’lio iilit'iioinPtiH nf iht* fi'Wiinl luHtitM niitirnit lij 4 
Bju'cliilnr lixinl in iiiu' |ilni*i‘ nrc 'l‘hp tinirMnn nii 

pni'unl ihiti'iuil niuUuit of lln' c*iint*flivt’ «inrf«trH rntf i( iiijj mitli it 
iho aim, tiiouii, iiInimtM iiiut flxctl Iwiln t<i lUr tUfiui 

licma of ilio ct'U'aUnl ctjUiilur, iwltts, mrriiliiim 
Kc. Tlio coiiaiiUirntiiiiia iif ilu» iippninit inutimia «f ilif 
ami, iiuiuu mill pliiucti), im llif np|iiimi[ imirnyr tmrfnir, 
lend lu lliu tbilnuious »f Ulu teplipllc, of rljalu niHCfiKitm, 
lonKUmli?, &04 Thu various prohltmia of Uw aphfi'ir«‘ ba.v»* 
Utoir origin IVom the npparonvmoUon of Uio acmmvuiaurlihvf 
and tlio appawnt moUonii of Iho sun, moon and jilaiioi* mu 
III la 8Ut'n!too. Thla U almost all llto asLroiionilcial ktumlviliir 
Ihnt could bo lUUiinotl lo by a Npoctalov llxoil lo i*ut» «jw*t, 
and not poasosslng obaorvattonB mado in tliatnni pl 4 ro«i. I Ir 
could foi-m no acoutnto notions of tlio ncinal nittfimimlir™, 
and actual dlatancos of tho «uii, immn and idimot'j All tin? 
coi'tnln nalfoiioHiical knowledge that t-xisU'd ft»r iiifl«yaM<'« 
\nia limited to the doctrine of the aplioro. 

Iho next cunaklurnlioit is, in whai niaiinc] wt* i*iu nni'i 
lain tho actual ningniludcs of the cdoalial hodia* and iluii 
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uclvinli tlihluiiccs fioin us. Telescopes cnaWc us lo cxamijie 
move exactly Ihciv appeaiaiiccs, and serve to exhibit many 
most inloi'csting phenomena, hut do not cliicctly lead us 
litrlhci'. 


'Hio first step of importance is a knowledge of the foini 
and magnitude of the cnith. The fixed stais appear in the 
Name relative situations, at the same angular distances fiom 
eacii other, and from tlie visible celestial pole, in whatever 
purl of the earth wc are. The most exquisite instiuinents 
point out no alteration. The conclusion drawn from this is, • 
that the fixed slurs are at distances so gieat, that hues 
directed from all places on the smfacc of the earth towauls 
the Biuno fixed star, oi toward.s the visible celestial pole, 
must be oonsidcvctl as parallel. Conihining this with what 
lias heen observed in so many places, that the vaiiation of 
aUitudo of the cclcstml pole is proportional to flic space 
gone over m «• direction noxth or south, and that foi a 
chttogo of altitude of one degree, the space is .ihout 69 } 
iuiks, it is easily proved that the earth h nearly a sphere of 


about 8000 mllcB in diajnctei. 

This is an iwvoximi step-We thus ascertain that a 
apace of 8000 miles is as nothing compared with the dis- 


la\iccR of fixed still 

11 ,,1,0 follow. U,»t tUo oltituao of 11,0 ootatolv»lo '» 
,.,,™l 10 . 1,0 lotiU.de of llte jtaco. Tl... oo»clu..o.. cnabtes 
.0 hol.o .1.0 5.0W0...B a.U„g f..m .ho —o »' 
oolo»lUl oiiolc. m.liiro.cntpWs, ond to e^plom th. v»no y 
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of seasons over the whole eaith, independent of the know- 
ledge of the true system. 

Having ascertained the form and magnitude of the 
Earth, the next step is to investigate the magnitudes of the 
sun and planets, or at least to show, that some of ihcni 
greatly exceed the eaitli in magnitude, and also to show the 
vast distances of them compared with the diameter of the 
eaith. It is unpoxtant that tins should be done pieviously 
to denionsti’nting the hue sj'stein, 

Certain observations, made with micrometers, at two 
places considerahly distant from each other, but nearly 
under the same meridian, serve for this purpose. The stu- 
dent will readily apprehend this method ; he will see, that 
hy it we are enabled to asceitain the angle, the disc of the 
earth would he seen under, could wc remove ourselves to a 
planet to make the observation, This angle can bo ascer- 
tained with as great precision, as we can measure the apparent 
diameter of a planet seen from the earth. If, with icspect 
to some of the planets, the angle which the caith’s disc 
subtends be so small, that it is within the limit of the errors 
of observation, yet we obtain a limit of the magnitude of the 
earth compared with the magnitude of the planet. Thus 
the eaith seen from Jupiter subtends an angle of four se- 
conds, when Jupiter seen from the earth siihtonda an angle 
of forty seconds Now if it be contended that neither of 
those angles can he ascertained to a second or two, it will 
make no dilfeience as to the purpose, for which this mode 
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of ascertaining tlic relative magnitudes of the cavtU and 
Jupiicr IS inlvoduced, It will sullicicntly show that the 
magnitude of Jupiter greatly exceeds that of the caitb, and 
also will show, that the distance of Jupiter is many thousand 
times greater than the diameter of the eaith 

The spots upon the sun, and appeal ances in several of 
the planets, show that they arc spherical bodies, having .i 
motion of lotation on their axes* All this, being quito in- 
dependent of any hypothesis as to the arrangement of those 
bodies, assists much m the arguments by which the rotation 
of the earth on its axis, and its annual motion round the sun 
in an orbit nearly circular, may be proved. 

The different motions of the iilancts on the concave sur- 
face which appear so irregular, are easily explained by tliou' 
moving in orbits nearly circular about the sun* 

By following an airangemcnt of tins kind, any student 
may without difflicuUy satisfy lumsclf of the truth of the 
Copcrmcan system. lie will find this manner of treating 
the subject pursued in the first seven chapters of this work. 
At the end of the seventh chapter is a short account of the 
Ptolemaic System, now no longer interesting, except on 
account of the ingenuity exhibited in accommodating it to 
the different plienomena. 

After the true system has been explained, the subse- 
quent arrangement in a treatise on astronomy seems of little 
consequence. ^ 

In this work, after tlic motions of the primary planets 
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axe cxplainotl in a gencial innnnei, the motiou& of tlio moon 
and secondary planets and scvcial oilier circnmstiinccs con- 
nected ilieiewitli are biicfly noticed* This ib followed liy 
some consicleiations lespccting the solar system and fiKcd 
stais 

A slioifc account of instruments and obacrvations> l)y 
which the places and motions of the celestial bodies aic 
exactly ascertamecl, is followed by a moie exact statement 
of the planetary motions, and by an account of Kcplci’n 
discoveiiesj also by amove paiticulav account of the motions 
of the moonj of the satellites and of comets* 

Seveial of the phenomena, which arise from, or are 
pointed out by, the motions and bodies of the solar system, 
aie next considered* Such are the eclipses of the Sun and 
Moon, the tiansits of Venus and Mercury over the Sinfn 
disc, the velocity and abexx*ation of light, and the equation 
of time. 

The application of astronomy to navigation and geogra- 
phy IS also mtioduced, and the importance of the formci haa 
occasioned a rather long detail 

The chapter on the discoveries in physical ustfononiy 
contains little moie than an histoiical account. It Imd been 
at first intended that it should contain the elementary parts 
of physical astronomy, as far as lespected Kepler’s disco- 
veries. Physical and plane astronomy are now bo connected 
that It IS difficult to tieat of them separately. 

Facts m the history of astronomy have been only occa- 
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sioimlly iiitvoducecL The student, ^Yho has made himself so 
well acquuinlecl with astronomy as to find its history inte- 
resting, will easily proem c foi liihiself, from a \aiicty of 
authors, all the infoimation he can desire, 

Among the vaiioiis advantages deiived fiom the science 
of astronomy, there is one eminently deserving of notice. 
We SCO the most complex appearances and most intri- 
cate apparent motions admitting of the simplest e\pln. 
nations, 

IIow intricate and various are the apparent motions 
which depend only on a primary motion of projection and 
the simple law of gravity 1 Tins may assist us in other 
departments of natural science, and may encourage us to 
expect that the most difficult phenomena may at last he 
found to arise from the most simple laws. 

The ahcrvation of light finnishos a remaihablc illus-- 
tvation. 

Light moves about g00,000 miles in a second , had it 
moved only fiO miles in a second, it is piohable astronomy 
would not now have existed as a science The motions of 
the stars and planets would have appeared inexlviciible 
confusion. The face of the heavens would have been con- 
tinually changing, and could not have been divided into 
conslcllfttiqns. Stars wliich at one time would be seen close 
iogcUiev, at another would appeal many degrees asunder. 
All this would be occasioned by the simple change of tlio 
velocity of light, and, as is easily imdei stood, would arise 
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lioin a combination of the motion of light, aiul of llic ollun 
motions 111 the system. If this notion be pursued in till il*» 
benriiigo, it cannot be doubted that a consequence of such 
an alteiation in the velocity of light would have been, llitit 
this science, by ulnch om knowledge of the creation is so 
much oKtended, would scaicely as yet have existed. 
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CHAPTER I. 

ON TITR DOOIRINR OF TIIF SPllFRK, ^ ^ (.f 

\ The imagmavy conceive 5,infacc ni wlucli a spectator ut firsl 
concolvos all the heavenly bodies placed, is nn licmispheiOj in 
ihc centre of the base of which ho himself la sitaale The linso 
of tins hemisphere is the plane by which his view of the heavens 
js bounded, It is called the plane of the hoiizon. 

The mimeious bodies observed on ihe concave smfticc difibr 
indiistrc, and apparently in magnitude. All of them appear to 
have a daily motion. Many of them cmcigo, as H woro^ fioiu 
below the plane of ihc horizon, and, after tiavevsing the conciwo 
surface, disappear, to rise again at Iho same pomis of tlio horizon 
ns hofoie, Others in their paths never iqach the horizon, but 
continually move lonncl a fixed point in ihe heavens, 

Fur ihe greater number of the eelosiial bodies picsorvo the 
same situation with icspcct to each other , that is, they piesotvo 
the same uppmeui distances from each other, These uie culled 
fixed Htars. 
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The sim^ besides his diiinial motion of lising and descending, 
seems also to have a motion on the concave suiface, and in a 
covlain space of time, called a yem, to leturn to the same posi- 
tion witli lespect to the fixed stais 

The moon appeals also, besides its duunal motion, to have 
a motion among the fixed stars, and in a space of time called a 
month, letiiins neaily to the same position with respect to tlie 
.sun. 

2 The spcctatoi viewing those stais that do not set, will 
observe one of them neaily immoveable This is called the 
Polai Stai, fiom its vicinity to the point about which the stais 
that do not set appear to move. The point itself is called the 
JVorth — The face of the spectator being tinned to this 

point, the stars rise on Ins light hand, or m the cast, and set on 
his left hand, oi in the west ; and thus the appaiont diiiriial mo- 
tion of the celestial bodies that use and set, is from east to west 

The appaicnt motions of the sun and moon among tho fixed 
stars, aie in a contiaiy direction , that is, fiom west to cast 

Besides the sun and moon, and fixed stars, ten othci celes- 
tial bodies may be noticed, winch, beside then apj^arent diurnal 
motions, have apparent motions that at fiist seem not easily 
brought under any general laws Sometimes they appear to 
move in die same direction among the fixed stais as ilic sun and 
moon \ at other times in a contiary direction, and then are said 
to be ictrograde. At tunes they appear nearly stationary. 
Tliey are called planets They have been named Moremy, 
Venus, Mai s, Ceies, Pallas, Juno, Vesta, Jupiter, Sal mn, and 
the Georgium Sidus Of these, five have been noticed fiom 
the remotest antiquity The other five, lately discovered, arc 
only visible by the assistance of telescopes. Tho Georgium 
Sidus was discovered by Di. Herschel m 1780. Ceics was 
discoveied on the first day of the present century, at Palermo, 
m Sicily, by M. Piazzi. The other three have been diseovcrod 
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since Pallas^ at Bremen^ by Di Olbeisj Jimo^ ai Lilientlmlj by 
M Hauling, and Vesla, by Dr Olbeis Mcioiiry and Venus me 
rennn kod to bo novci far fiom the siin All but Pallas m o alwa) s 
found to be nem the miminl path of the sun m the oonenve sui Ihce* 

3. Tlic above arc a few of the phenomena wliuli oflei tkonu 
aelves iii conlcinplnting tlio heavens But the nioiions aie ui 
gonoinl only ai)paieiib and take jdaco fioni a combination of a 
vailoty of difioreni motions The difliculty of dediu mg the ac- 
tual ciicumstanccs of the magnitudes, and of clistingiii slung the 
line fiom the appaioiit motions of these Jiodies, liowevei easy it 
may n])poai when done, is sncli that we ought not to be suu 
pri&od that the ancients made so little pi ogress iowaid tlio know- 
ledge of the true system and line dmicnsioiis of the universe, 
nor ought we to tliink lightly of their eflbrls, and to tioat them 
willi contempt for llioii errois, The moderns, liy the joint as- 
sistance of mechanics, optics, and mathematics, have advanced 
the science of astionomy to a giealoi degree of prefection, per- 
haps, than any othei branch of natural knowledge. 

4 For moio leachly explaining and rofciring to the pheno- 
mena of the celestial bodies, certain ciicles are imagined to ho 
doscubed on the conca\o suifaco Distances on Iho concave 
surface me measured by niches of gi’cai circles. Tlu'*^ piesont 
division of the ciiolo into 360 equal paits, called dogices, of 
oacli degree into GO equal paits, called minutes, and of each ini- 
mite into 60 equal paits, called seconds, was not used till long 
after astronomy had attained io a cousidcialilo dogioc ofpei- 
fecliou, 

It is much to bo icgiotlcd, that, at iho lovival of leaviiing in 
Em ope, a decimal division oftho circle was not ado]^tod, winch 


» UIjo old modo of expressing Iho monaurcof au nidi, wob by slating its rolntion 
to Iho whole circiimfcrouce , thus Iho diameter of the sun, measured on the con 
cftvo surface, was said to he^h of a great cuclo* 
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ivoulcl Imve greatly faciliiated nstrononiical coinputafions, Th(' 
I^'icncli have lately adopted tins division, ljut not gcncmlly. — 
They divide the ciicle Into 400 jiaits, eacli qimdraiil containing 
100, each oftliesc paits into 100, &c But it is nnieli lo ho 
doulited wlielhei the advantages of this division will compeusulo 
Ibi IliQ disadvantages now attending it, which nccessnuly aviso 
fiom die mnnbei of books in wliicli the old division is used, 
and the gieai vaiicty of inoasuies of that division familiar to 
astionomeis Accouhngly, in Fiance the old divisions scorn 
likely to pi evail, and mudh inconvenience will jiroliably lo&ult 
fioin tlic now divisions having been adopted in some icconl vciy 
valuabla woiks in asti ononiy ” 

The circles, and aichcs of cncles, founing parts of the in- 
struments used in pincticnl astionomy, ate actually divided into 
degrees and pnits of a degico, as far as the magnitude of the 
ladiiis will pel mil, so that the divisions may not be too close lo- 
gethei The aichcs or limbs of the hugest astionoinicul qua- 
diants and circles nio divided into inteivals of 5 nnnulc& But 
the measure of an angle can be obtained with gicat piccision by 
the assistance oP ingenious contrivances, that will be not iced hcio- 
altei . The most impi oved nistrinncnts ai e thus adapted to mea- 
sure angles to seconds In gencial, with the best instnunenls, 
llie result of a single observation can now lie depended on to a 
vei y few seconds, and ni many coses to one second, 

5, Let us return to the consiclei ation of the visible concave 
surface of the heavens Tlie intei section of the plane of the 
horizon, with tlie imaginaiy concave suiface, is a gicat ciicle. 


“M Laplace, in Uis great work, entitled ^^Mecamqne colcstc/^ uses Ibo deci- 
mal division In llie new tables of ilio nun and moon, pnbhsbod by the Bonid of 
Longitude in France, 1806, tlio soxagestmal division is used In the tables of 
Jilpiler and Saturn, since published by them* the decimal div^ision is used. Tboso 
lUe among Ibe moshinportant asUonomical publications dial have ever appeared 
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wlucli may be called the celeHial /io? izon A plumb Ime Imno;- 
mg ficcly and at lost, i» peipendieular to the piano of the bou- 
ton, and a small fluid sminco at icst is m llie plane of lliehou- 
zon Tliose two ciicumstanccs me of the nlinost impoi lance to 
the piaciical astionomoi The impossibihty of having, CKcepi 
at sea> an unintervuj>ted view, and othci causes^, make it diflicnlt 
foi him to use (he hoii/on itself, but the plumb line and fiuKi 
sill face fully compensate foi these inconveniences, 

The (dtuude of a celestial olyect is its distance from llio 
hou/on, measured^ on a gioal ciiclc ]mssing lluough the objeot, 
and at iiglit angles to Iho hoiizon, Such a cnclc \h called n sc 
condavy to iho hoir/on , a great ciicloat right angles to another 
great cnclc, being called a secondary circle. And the zc?utli 
{hsta?ice of a celestial object is its distance fiom the U])pcr pole 
of llie honzon, which is called the zenitlu By the nsbislanco of 
a plumb lino and quadiant, iho altitude oi venilh disiauco niay 
bo readily found, Let ACQ (Fig 1 ) be an astionomical (pia- 
dr ant, Iho aich AQ of which is divided into degrees, &c,, the 
radius AC is adjusted perpendicular to the hoii/on, by turning 
tiio cpiadi ant about the pontt C, (ill a plumb line, suspemdod 
fiom C, passes over a point A 'Jhe radius CQ is then Imri- 
zontal A movcublo radius or indcK CT is placed m the dhcc- 
lion CO of Iho object, liy moans of plain sights at the cvtroini- 
tics of the radius C and T (now laioly used), or by means of u 
telescope aflixed to tbo radius, The arch TQ will then shew 
the altitudo, for ICQ equals IICO the altitude; and the 
mch TA will show tho /enith distance, for ACT equals OCV5 
Iho zenith disUmce. The method of observing altitudes will bo 
moic nccuiuioly described hoicaftcr: it was ihongUt necoasary 
to advert to it hoie ; and also to mention how mi angular dis- 
lance on the concave surface may bo measured, 

A circle IIABG (Fig, 2) divided into degicos, &c», fur- 
nished with a fixed laclius AC, and a moveable radius BC, bo- 
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iii|r placed in the plane pa&smgthiough two objccis tind the oyn, 
the circle may hi* tinned till the fis;cd radius AC passes llivoui'li 
one object, mid then the moveable radius BC being iimdo In 
|>ass thiough the othei, the aich AB will show the orignlai <lis- 
tauce This method is now laiely used I’lio imgulnv dmliiiKt* 
of two objects when leqiuied, is seldom diioclhj obsc'rvod, on 
necount of the inconvenience of adjusting tho pltino of tin* iii- 
stniinent, and the two lachi, to two objects, both of which per- 
hajM aie moving, and witli diffeieiit motions. Tbcrefoio, in 
this way, great accuiacy cannot be attained • but tho coiicoplioii 
of this method, although inaccuiate, will be useful in uhivl fol- 
lows When an aiigiilai chstanco on tho concave sui'faco in I’o- 
qnirotl. It IS generally obtained by computation from oilier ob- 
servations, e g fiotn the declinations and right usconsioim (to 
be expininecl heieallei). In one instance, indeed, in thn lunat 
method 0 / finding the longitude , nccessmy to ohsorvo, with 
great precision, the distance of the moon floni the suu or a fovod 
star This IS clone in a manner hereafter doscubod, liy iin 
Jiadley s sextant, an invaluable instrument for the purpose. By 
this instrument also the angulai chstanco between uiiy two ob- 
jects may be itieaswrecl 

6 the phenomena of the appaicnt diurniil mo- 

lOM o c ce e^ial bodies, we imagmo ait homisplioio liolow 
uiir horizon, and in it a jxnnt diametrically opijosile to tho iiorfli 

«iUi It tile sim. nearly, currying 
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tunc. That tlio motion of each star is cc[uable^ and that they 
dcbcnbc parallel circles on the concave smface, we deduce fiom 
ohsGivation and the computations of splieucal tngonometiy* 
This will he loadily imdei ‘stood from what follows 

The great ciiclo, the plane of which is at right angles to the 
axis of the woihh is called the Equator ♦ This circle is bisected 
by the hori/on^ and thcicfoic all celestial bodies situated in it 
are, duung equal tmicb, above and below tbeboiizon, conso- 
cpionlly when Ibo sun is in this ciiclc, day and night aic of equal 
longlh, whence it is also called the equinoctial 

This lepiescntation of the diuinal motion, by the motion of 
a splicio about an axis inclined to a plane representing the 
horizon, on which sphere the celestial bodies are placed at then 
proper angular clisluncos, must have been among the fust slops 
in aslionomy Yet in llic infancy of the science, doubtless, a 
consldeiablo time elapsed before it was known timt the churuttl 
paths of Iho stars weio paiallel cncles, cle&ciibed with an equa- 
ble motion. Without this, little piogi’ess indeed could have 
been made It is likely that at fust it was little inoic than im 
hypothesis, in some dcgice confumed by the consti action of a 
siihere, to repiescnt liy its motion the celestial duunal motions ; 
for its confiimation, by the application of sphcucal tngonoine- 
try, seems to lequire a gi cater knowledge than we can suppose 
then existed. 

This diurnal motion, we now know, is only appaicnl, and 
arises IVom the rotation of the eartli about an axis, by which the 
horizon of the spectator revolves, successively uncovering, as it 
ivero, iho colostial bodies, while the ciicles of the sphere arc ui 
rest Bui the phenomena aie the same, wliethei the horizon is 
at lost and ilie imaginaiy spheic i evolves, or the houzon ro- 
volvcs and the imagimny sphcic is at lest liy conceiving Iho 
Hphoro to revolve and the hoiizou to bo at lest, the phonoinona 
are more easily icprcsontod. Thice cgiiUiucs since, this appu^ 
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lent duunal motion was geneially considered to lie real; and 
had we not the knowledge derived from navigation, and the 
communication of obscivatious made in distant countries, we 
might still contend foi the tiuthof it Now we only iinagino if, 
for moic readily explaining the phenomena of tlic splicic and 
the ciicles theieof. 

7. Cii cles of the sphe) e. — Secondaries” to tlie equator me 
called chcles of decimation^ because the me of the sccondaiy, 
mtei copied between an object and (he equator, is called its da 
clmation north oi soiitfh according as the object is on the noi lli 
or south side of the equatoi. 

The gicatciicle imssing through tho polo and the 5!Onitli> is. 
called the meitdian* This cnclc is at right angles, or a so- 
condaiy, botli to the horizon and cquatoi It is easy to see lliul 
it divides tlie visible concave suiface into two parts eastern and 
western, m cvoiy lespcct similaily situate as to the pole and pa- 
lallcl elides The eastern parts of the paiallel duunal ciiclos 
being e(p;al to the western, and the motions ecpiablo, the tiinob 
of ascent fiom the horizon to the meridian,'^ aio equal to llie 
times of descent fiom the meiidian to tlic hoiizon 

In (Fig 3) the circle HFKOGW lepiesents the liouzon^ 
the cenilo C of which is the place of the spcclatoi. Tho pai^t 


'» A common oelcsUal globo, or even a reforonco to the concave sin face itself, 
will much heUer assist tho conception of tho circles of tho splierci than ngtiroa 
drawn on a piano surface, which are rather apt to mislead a beginner* Uhe lioi i- 
7on of the globo mustbocoHSidoieil ae continued to pass tluough the centre, wlmie 
the eye IS supposed situate viewing tho hcmispheio above the honzon, ami the axw 
of the globe IS to bo placed at the same clcvalion, as tho axis of tho concave sui- 
faco of the spectator In tins way all the circles of the celestial sphoio will bo 
easily understood Any consideration of the form of the earth is ontiioly foiotgn 
to a knowledge of the circles of tho sphere 1 hoy wore onguiaUy lavontod witU- 
t>ui any refcrenco to oi knowledge of it* 

^Vidc Appendix, Prop 1 
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of llio figmc alcove this cuclc lepioaculs the v!si])1g concave svii- 
liu’O 3 mid the pait below, the invisible Z is the zenith , P the 
visible, ttucl R the invisible pole l^ZEHRNQO is the moii- 
dmn, KGQV the cqimtoi* AB a small cnclc paiallel to the 
equator, FLW the visible poition of aiiothei paiallel to the 
oquatoi, A star, silimlc in AB, is coniiniially above the hori- 
zon. A star in the cquatoi is only visible while in the pail 
GKV eijual to VQG A star in PLW is only visible in the 
portion PLAV above the hoiizoii, it rises at W, and sets nt 1*' 
ZSK is a porUon ofti secondary to the honzon SK is tlic alii- 
ludo of the point S, and SZ its zenith distance. PSD is a se- 
condaiy to the equator, oi a urclc of decimation, and DS (ho 
deeluiation of ilic point S. 

A lelescopo being diiected to any stai, and the time noted 
liy a clock, if the telescope lomain fixed, the same stai will again 
))ass through it after an interval of 56'« neaily. And the 
lime of passing ovei tlie apoituio of the telescope being the 
Hoino to whatever part of the staPs diurnal path the telescope is 
dhecled, proves the ccpiablo motion in that duiinal path. A 
telescope puiticuliuly fitted up, and placed so ns to be couvo- 
luently moved in the plane of the meudian, is of ns much use in 
tlie practice of aslionomy as the quachant: it is called a tnmsit 
instrument; its uses will bo nfiei wauls explained, as well as the 
method of finding the diicction of the meudian 

The time of describing a diuuial cnclc by a star may bo 
nearly asceiiained, without a telescope, by aiisi^cnding two plumb 
* linos at two or three feet from each odier, then obseiving when 
the star appears in the piano of the strings, noting the tnno by a 
clock well logulttiod; the same star will pass the plane nguui 
after 23'^ 5G‘«. An upright wall will sei vo foi the same purpose. 
Vice veis^, this method will servo to a&ceitain the lalo of going 
(>(’ at'clock. It may aho bo applied to ascertain the time of pas- 
sage over Ibo meudian, by adjusting the plumb lines in the 
plane of the mciklmn. 
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Sccoudaiies of the equator me also called Ao«r circles t be- 
cause the oic of the equator, contained between any one ol’ tlicao 
circles and the ineudiaii, shews the distance in Inne of tluil body 
fioiii the meridian, the cquatoi being divided into 2d lioinu 

8. The meiidian also passes iJnongh the nndir (the lowoi 
pole of the hoi izon) 

Secondaries of the hoiizou aic called vertical cit oles. That 
vertical circle winch intei sects the meridmn at light angloa is 
called the prime veilicaL 

It will help the conception of the student to consider the 


ineruhan and othei veiticals of the horizon as remniiiing til i oat, 
uhde tlifl sphere revolves, caiiyingtlie equator and other circles 
The four points ivheio the ineiidian and prime vortical intei- 
swt the hoiizon, are called the caidinal points Tlioso ofthe iiie- 
ndian, north and south , those of the pi imo vert icnl, oast and ivpsl , 
The equator intoisects the horizon m the east and ivosl points 
(being polos ofthe meudian), and ite inclination (o llio horizon 
^.als the complement of the altitude ofthe celestial polo. 

vortical also intersects the equator attho ca^t iniil 
west points, and at. ^ angle equal to Qie altihide ofthe polo. 
na of a celestial object is mcasiued by „„ ma of 

the horizon, mterceptedbetween the meudian and „ Lticn) o,l 

fc ST' 

iK.n™ 

111. obi«. „ '' 

9. 'Hie patli of the Sun traced on tlie siw-fam n - 

“ dX 


* Tto KMxopUww of Ifee Mitnttih o, n.« „ 

^ , x,tz“rrs. 
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wlucli he move's ovci, in a diicdion fiom west (o eaht This 
urcle is called the eoliplh, l)ccause oclipses take place when the 
moon, at llio new and iulh is or near tins ciicle. Ulic nppa- 
lent motion oflbcsun^ In this cnclc^ is noienlixoly nnilbim; 
tlio motion being contiavy to the diurnal motion, llio intcivul 
between two meridian passages of the sim is gi'caior than that of 
tlio fixed stars, and liy fom‘ minutes nearly* This interval, be- 
tween two passages of tho sun over the mciidlan, i.s in its mean 
ciuautity called 24 hours, or a clay. In 3G5 days, 6 liouis and 
9 mimilcs, tho sun appears to complete the ecliptic. Tlio sea- 
sons aio oonnccicd with the positions of the sun in tho eclipUc, 
Tho period, thorcfoie, of hia motion, called a yonr, becomes one 
of the most mipoitant divisions of time* 

10. Tho moon completes her courses among tho fixed stavs, 
])y a motion Aom west to oast, in 27 days 7 hours, retuiiiing 
nearly to Ihc same placo. Its appaiont path is nearhj a groat 
ciiolo, intersecting ihc ecliptic at an angle of about fivo dogroos 
Its motion also being contrary to the diiinml motion, the interval 
lictwcon its successive passages or tiansils over the inenduuf is 
gioa(ei than llml of tho fixed slais, and by 52 minutes, in its 
moan (piantity Iho moon is said to bo in opjiositiou to lUo 
sun, when near tlmi part of tho ecliptic oiiposite to tho sum 
Tho mlcivul between two opjiositions is nearly 30 days, and nl 
each ojiposiiiou the moon sbinos with a full phase* Tlio uso, in 
civil life, of this stuking plionomonon, makes auolhor nnpoitant 
division of time, which is called u mo 7 Uh. 

11. Tho ecliptic noccssaiily mtorsccts the cqviatov, each be- 
ing a great ciiclc The unglo of mteisection is noavly 28® 2Sk 
The cnunnslanccoftbo inclmaiion, 01 obliquiiy of llio ocHp- 
Uc lu the equator, explains the change of seasons, Tlio Iruo 
cause of the uppcaiunco of tho obliquity of tho ccliplie Iq ihc 
equatoi, will ho aftei wards shewn. If tlio ecliptic comcided 
wdh liie efpudm, tho sun would always lise and sot in tho east 
and west points, would always be at tho same altitudo when on 
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tliG mcndian^ and would be abseid and piesent dining l 
spaces of time* Now the effect of tlio sun^ with respin I (n \u u, 
depends upon tlio time of liis contimianeo above (ho biiii/Mj» 
and llio greatest altitude to which ho uses; thorefon', if b< 
moved m the equatoij no nlteiation would take idaci', I {Mmr 
these would be tlio same eveiy day. But the ecliptic Ihmuc m 
dined to the equatoi^ when the sun is in that ])art winch h 
tween 0111 visiblo pole and the cqnaloi, the greater pail nl vm !i 
of the diuinal cncles winch he describes, is above our lini 
1 e he IS moie than half tlio 24 horns above tlio boride ni, nurt 
be passes the mendian between the cquatoi and zenlllu \\ hcH 
feouthwoid of the equatoi, he is less than 12 hours above iho Imi 
ijzon When he i>s in the points of inieisection of the et liptn 
and equtttoi, he is just 12 hours above the hoiizon, mul it ih Um a 
equal day and night. This latter circumslanco lakes pi me 
the 20th of Maidi and 23rd of Septemhoi 

The sun is in that pait of the ecliptic nearest our \islble 
about the 21st of Juno, and then our days aio longest, iind in 
th’e pait faithest fioni it on the 21st of December, wlion tiur 
dajs aie shoitest, The sun is about eight days longer on tUn 
northern side of the ecliptic than on the southoui, ami 
summer is eight days longer than winter The gieatesl lien! 
not when the days arc longest, but some time after, becauHC 
inciease of heat duung the day is greater than the dccreusu dm « 
mg the night, consequently heat must accumulate till the itirrcf 
meets and deciements aie equal , afterwards the dccroasa bt*ni^ 
greater than the inciease, the heat will diminish. I'ho imiw 
may be said with respect to cold 

12 The two parallels to the equatoi, oi parallels of dwcU 
nation, touching the ecliptic, arc called troj^ics or tropkal 
cles, because when the sun is m tliesc points of tho oclipiie, \w 
turns Ills course, as it weie, back again towaid the equator. 

The points of the ecliptic of greatest declination, or ltn> 
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hopical points^ arc called hocauso tho sun appoais sla^ 

(ionaiy, with lospcct to his nppioach to the poles 

13» A bolt 01 7ono c\teu(lm« on olicU side of the cchpli(» 
about is called the zodiac, liom coiituu iinagiuaiy foims or 
animals conceived to be dinwn lU it, railed stgin of the zodiac 
Tlioi e ai e twelve signs, pi obably ii om ihci o being twelve lunations 
dm mg the course of the sun in the oclipiic Thcbc aia Auos, 
Tauuis, Gemini, Ganeev, Leo, Virgo, Libra, Scorpio, Sngitla 
HUS, Capiicoinns, Aquarius, and Pisces, ami denoted by ^ > 
rr, go', hV> vy, X The reason of dis- 

tinguishing this space was, because tlio sun and planets were al- 
ways obsei ved within it These figiuos sci vccl also to distlnguisli 
Iho {X)sUion of the stars with zcsi^ocl to one another, and woio 
Iheicfoio called the conslellatmi^ of iho vodme, The space of 
the zodiac has always liecn noticed from the onrllesl VGcouls of 
asliouomy. Some of the planets lately discovered are not con- 
fined to this space* One of them, Pallas, sometimes is distant 
above G2® fiom the ecliptic* 

The fust six constellations, beginning with Aries, wore for- 
mcily on the noUhevn side of the oclipiic, most probably when 
Ibo dosciiplum of iho zodiac was first invenied; nnd Iho six 
others on llic sonlhcin* But by a compausou of observations 
made at a considcvaldo interval Aom oacli other, it is found that 
the mtci&eciions of the ecliptic and cquulov move backward, in 
respect to the signs of the zodiac, the obliquity of iho ecliptic 
lomaining nearly the same* The equator moves on the eclip- 
tic, the ecliptic continuing to pass nearly through the same slnis. 
The intersoctions or the equinoctial points move backward ai 
iho uvlo of P in 71§ years, and Iherofoio, at present, Uic con- 
slellalion Alios seems to be movocl fovwaid nearly from the 
equinoctial point, yet asUonomcis still commence the twelve 
signs or divisions of the ecliptic at the oquinoclial point, nnd 
name them after the consleUations of the /ocliac* This distinction 
ought to Ijc attended to* 
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14 In tlie piactico of astionoiny, tho most gcnciul uutl cou- 
\cnient mctliocl of ascei taming tho jjosition of nny celcslml til)- 
ject on the concave suiface, is to dclciinino its ^lonUioti willi 
i aspect to tlic ofpiatoi and venial cqninoctml pouil, thni is, In 
dcteniiuie its rkclinaiion and light asGcnmn, Tin' iighf 
ascenvon of a celestial liody is llio ai*c of tlic oi|iuiUn mU'V- 
cepted, fieckoning accoiding to the order of the signs), lii’twi'Oii 
tlie vernal equinoctial point, oi tlio fiist point of Aiics, mwl ii 
secondaiy to tho equatoi passing thiougU tho object 'Ihis is 
cspicsaed bath mtime and space. Tims, if tho arc iiUmcojiloil 
be 15®, the right ascension may be said to bo 10® or one lioin, 
suppoaiiig the equatoi divided into tweiity-fom horns. 'Hit) 
mensmo of twcnty-foui houis foi tho limo of the cVmiiml revolu- 
tion of the fixQfl staiSj or tho celestial splioio, is callod suit'/ ml 
lime Hence tlieinteivalin sldeieal time between, llui pnasngoH 
of two fixed stars ovei the meridian, is tho samo os Iho tlintML'iico 
ofehoii light ascensions expiesscd in time 

Tliefeim, tight ascension, oiiginally liad a icfiii'Olico to llin 
rising of the celestial bodies Now its uso is much moto clr- 
curasenbed, but much more important, and theroForo il might 
have been bettor to have adopted another term for oxin-ewsing 
die arc mterenpted between a secondaiy to the oquutoi piiHS- 
mg through the celestial object, and the first point of Dm 
equator 


15 The position of a celestial body, with rospoct to Iho 
equator, being asce, tamed, itiaveiy often necessmy (o ascorfnhi 
Its position imi. lespect to the ecliptic, i. c. to dolormhio d« 
l^gituile anU latitude. This is done by sphcicnl (,igo„o- 


object » mo, *,,0,1 b, „„ m 
of tlvo Kiipbo, .nteicoptod botoooo ,1,0 (i,« 
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(reckoning according to the older of the signs) mul a scooudaiy 
to tlio ecliptic passing tlirongli the ob)GCt. Its latitude is its 
ell stance from the ecliptic^ niousured on a sccoudaiy of the 
ecliptic passing through the object* 

16 The solstitial oolure is a secondmy to the oquatoi pass- 
ing thiough the solstices^ mid ib ilioieforo also a secondary to 
the ecliptic, 

The eqxdnoolial colui e is a secondary to iho equator^ puss- 
ing llnongh tlie equinoctial points* 
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FIXFDSTARS— TELESCOPES — APPEARANCP OF STARS IN TPErSCOPI *^. 


17* Let us now letiirn to the considemtiou of the fi\o<l 
stais We observe about 3000 stais visible to ilie naked eye, 
very irregulaily scattered over the concave siirlaco of the 1 lea- 
vens There are seldom above 2000 visible at 07 iCG) even on 
the most starry night They are distinguished from the planets 
not only by preserving the same relative position to cacli ollioi', 
but also by a ti emulous motion or twinkling in then light, 
parently arising fiom the effect of the atmosphoio on the lays 
of light passing through it 

For the conveniency of aiianguig and icfouing to the dEffe- 
rent stars, the method of constellations was invented by the an- 
cients, Tliey imagined a numbei of peisonages of their niylho- 
logy, also animals, &c diawn on the concave surface, and in- 
eluding particular groups of stais; these they culled coiistolln- 
tions, nnd denominated the stais fioin tlio constellation iiiwhicli 
they were, and from tlieir situation in that conslollallou. This 
method, though certainly useful, is not adequate to the purposes 
of astronomy in its piesent state, but for many obvious reasons 
It has ^en retained. The stais do not form the figure of llio 

;|.o ». u.aa. 

silwlTn liacl proper names as- 

signed to them, as Aictimis, Smus, Aholh, Algol, &c. 
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18 Bayer, who published a celestial atlas in the year 1G03, 
much facilitated the ai i aiigcmeiit of the fixed stai s. He maikod 
those lu each constellation by the lelteis ol the Greek alphabet, 
accoiding to thoiv then degices of bi ighlness/ The staisaio 
also divided accoiding to their appment brightness into magni- 
tudes, The bnghte&t me of the fust magnitude, and so on to 
the sixth, the least magnitude visible to the naked oyo, There 
aie eleven slais of the first magnitude m the portion of the con- 
cave sin face visible to us, viz,, Aldebauui, Capelin, Rigcl, a 
Ouuins, ynius, Regulus, Spiea Vugmis, Aictuius, Antares, a 
Lyifc, and Foinalhaul hi the lemaming poition of tlio con- 
cave surface there are six, viz., Acheinar, Canopus, /) Argfis, a 
Crucis, a and ^3 Centauri Thoic aio about 50 of tbo second 
niagmtudo, and about 120 of the thud magnitude, visible 
to us 

Some assemblages of the stars aio moio rcinmkalde tlian 
ottiers, such mo the Pleiades, Ilyades, Cassioprea’s chair, and 
the gloat Bern, The eye unassisted by a telescope, rcinaiks 
also a very consideiablo megulav luminous bolt called the 
milky way Likewise olhoi small luminous spots, called fiom 
their appearance nehulm, viz, Prresepo, uobulm in Pei sens, in 
the girdle of Andiomcda, &c By the assistance of tclcscopcB, 
wo find that thcmimbei of the fixed siais is grenlcv Ilian can be 
ascei tamed; the numboi of those visible to the nuked eye be- 
ing incompaiably smullei than of those which are only Yisil>le 
by the help of telescopes, 

19, The theory of telescopes properly belongs to tlie science 
of optics, and thcioforc a very short account of their efiects, and 
of the improvements that have, from lime to time, been made in 
tliom, IS all that is ncccs&avy here 


« Tiio coiintcllatioii callcil Uio Gical Boar i% an oxcepUon, in it llio pimcipal 
filau arc markod m the oidcr of tlicir nglit asconinons. 

C 
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The use of telescopes is to mugnily objects^ or to picscnt 
then images unclei a Inigei angle than tlic objects Uiomsclvcs 
subtend ; and likewise to render objects vjslblo that would 
ollieivvise be invisible Telescopes for common astionomical 
purposes magnify fiom 40 to 200 times, and foi paitieiilar pur- 
poses fioin 200 to 1000 and upwards j i. e objects appeal so 
much neaiei than when seen by the naked eye, and their parts 
become moie visible and distinct Wo aic enabled by a teles- 
cope winch magnifies 100 times to behold the moon the same ns 
we slioiild if placed 100 tunes ncaiei than at picscnt "A teles- 
cope magnifying a thousand times, will exhibit the moon as we 
slioiild behold it could we approach within 240 miles of it 
Thus, although wo cannot actually approach the moon at plca- 
suie, we can foim an image of the moon, and approach this 
image atpleasiiie, and so make the image subtend a gieaici 
angle than the moon itself We can magnify the imago by hcl)) 
of a simple micioscopc, as wc can magnify any inimito object 
This is llie pimciple of the common telescope The object 
glass foims an image of the moon, and we magnify this imago 
by help of the eye glass, which may be considered as a nu- 
cioscope 

20, Teleseopes were accidentally invented at Middlcburgh, 
in Holland, about the year 1609, Theie is no foundation foi 
supposing them known eailier, although the single lens had boon 
in use foi spectacle glasses since the beginning of the 14th cen- 
tury Galileo, healing of their effects, soon discovered their 
consU notion, and applied them to astionomical purposes, fiom 
whence a new asm may be dated in astronomy After some 
tiials, Galileo made a telescope which magnified up waul of 30 
times, and with this instrument, so mferioi m power to modem 
telescopes, he made most impoitant discoveries, In little moie 
than a year ho had obseived the nebula of Oiion, the telescopic 
stars m the Pleiades and mPi0esepe,had discoveied the satellites 
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of Jupitei, very accuiately decubed the face of the moon^ and 
computed the height of some lunar mountains, observed an o\^ 
iuioidinuiy appeal anec in Saturn^ occasioned by the iing, which 
his telescope could not cleaily shew^ and had observed phases 
in Venus simiUu to the phases of the moon. 

Notwithstanding tho impoitance of the telescope, it was but 
slowly improved Telescopes admitting of a high magnifying 
powei wcie of a very inconvenient length A high magnifying 
powoi could not be obtained by a sboit telescope, without ren« 
doring the image indistinct by coloiu The ardom and indus- 
liy of the astioiiomors of the lattei end of the 17 th century 
ovcicamo this difRculty, by using telescopes without tubes, 
They alfixod the object glass to the top of a pole, dnoctmg it 
by means of a long string, so as to thiow the image mto its pro- 
per place. Iluyghens pai ticularly distinguished himself by iin- 
porlant discoveries with this inconvenient kind of telescope, 
which has been called ^oaenal telescope The discoveuea of 
Su Isaac Newton, lespecting light, induced astionomeis to de- 
sist from cndcavoming to iinpiovo lefracting telescopes, and to 
aim at pei feeling loflcctmg ones. Soon aftei the dlscovoiy of 
the loloscopc, it was suggested that the image ol the olijeii 
might bo formed by reflection instead of lefi action , but as no 
paiticulav advantage could be shewn to aiise fiom this all ora- 
tion, it docs not seem to have been attended to, till James Gio- 
gory proposed tho constuiction of a leflecting telescope which 
goes by his name* lie intended by this construction to obviulo 
tho errois of the object glasses of the common telescope, aiising 
ft cm their being necessaiily ground of a spheiical form. Tho 
disco vei ICS of Newton on light shewed these eirors to be com- 
paiatively of trifling consequence. Newton himself, as soon as 
his experiments on light had shewn him the tuie obstacle to the 
impiovemoni of refracting telescopes, invented and exoculed n 
leflectnig telescope, winch goes by his name. His coiistruclion 

c2 
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better adapted to many purposes in ostionomy tlinn that of 
Gicgory, although foi common pm poses Giogoiy’s maybe con- 
skleied most comenient 

Many inconveniences attended the construction mul execu- 
tion of leflecting telescopes When made, they wc^c Imldo in 
tamibh, and to change then figiue, an einoi in winch is of much 
gieatei consoqueiico than m refi actors* Thus much fowei ad- 
vantages weie denied fiom leflecting telescopes than had been 
expected And the inipiovoment of telescopes seemed a< a 
stand, when, in the yeai 1757, a discovery of Mi Dollnnd^ an 
opticmii m London, gave hopes of impioving them fiu beyond 
^\liat had been hitheito done Hediscoveied that by a rombi- 
nation of lenses of flint glass and ciown glass, ho could form an 
image free fiom colour Tliis enabled him to make telescopes, 
adniiltmg of high magnifying poweis, of a very convenient 
length These telescopes, called ac/i? arc now in com- 


mon use, and fitted to those astionomical iiistrumoiiis liy whioli 
angles aie mcasined. Expectations weie formed of being able 
to inciease the bieadth of the object glasses, to admit of voiy 
high magnifying poweis, without lengthening the teloscopo so an 
to be inconvenient, but this was pi evented by the nniiiro of (lint 
Tins cannot be obtained fit for the purpose of iclos- 
copes, except m small portions of smfaco. It does not a]>poai 
that we can do more by aclnomatic telescopes, than nslioiio- 
mera the end of the 17th cenUny did by telescopes wi1ho«l 
tubes, if so much, and achiomatic telescopes, although an inva- 
luable impiovement by leducing the length of telescopes, have 

not discovered to us more in the heavens than had been seen n 
century before 


labgabic Dr Ilerschel set lumself to rmpiove reflecting teles- 

ar^ fiT '^ 1 ° successful His reflectors 

•re of n,e Now,o„i.„ Ate, ,epo.w 1 1" 
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cecded in making one 20 feet long and 18 Inches aperture 
The gieat breadth of the apeiturc increased so much the blight- 
ness of the image, that ho was enabled, with great convenience, 
to u&o voiy high magnifying powers At last he attempted and 
GKGCutcd one 40 feet in length mid of 4 feet aperture A most 
surprising pcrformanc e, when the laboui and difiiculiy of casting 
and polishing the metal spocnlum, the obstacles he hud to con- 
tend with in the weight, and m the a]ipaialus for moving it, arc 
considevcd, A full account of this telescope, by T>\\ Kcrschel 
himself, IS given m the Phil Trans, foi 1705 

The discovcilcs of Dr Jlevschel will be mentioned m their 
places. In the mean time it may be icmavkcd, in order to Coim 
some idea of the effect of telescopes, when applied to the celes- 
tial bodies, that the loflcctor of the 40 feet telescope forms an 
imago of the ung of Saturn, about of an inch in diamcior j 
wo are onablod to magnify this by the eye glass, lu the same 
manner as we can magnify an object of an inch ni bi cad 111 
by a common micioscopc. 

22 The appeal ance of the stars seen in a lolescope, is very 
didbi ant ft om that of the planets. Tho lalior me magniried, and 
shew a visible disc The btms appeal with nn nicveascfl lustre , 
but with no disc Some of the brigbtor fixed stars appear 
most beautiful objects, fiom tho vivid light they exhibit Dr, 
Ilcischcl tells iia, lluit tho buglitncss of llic fixed stars of tho 
fir si magnitude, whou scon in his hugest telescope, is too gicat 
forthoeycto beai. When tho star Sinus was aliout to cuter the 
telescope, the light was eipial to llmt on the npjiroach of sun 
rho, and upon enteung the tclescojio, the star appeared in all 
the splendour of tho using sun, so tlml it was iinjiossiblo to be- 
hold it without pam to the eye 

The appal ont diaiacici of a fixed star is only a deception 
arising from the impel fcctions of the telescope. Tlic brjghtoi 
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£.tais appear sometimes in bad telescopes to subtend un angle al 
seveial secoiidsj and this has led astronomeis into mistakes ros- 
jiecting their appaicnt dianieteis The moie perfect the lelos- 
copcj the less this inadiation of light We know certainly tbnt 
some of the brighter fixed stais do not subtend an angle of 
fiom the ciicumstance ol then instantly disappearing, on the ap- 
proach of the daik edge of the moon Dr. Heischel atlomplod 

to nieasine the diameter of a Lyrte, and imagined it to be about 

of a second 

23 Although the superior light of the sun effaces that of 
the sfais, yet by the assistance of telescojies we can observe tlio 
brighter stais at any time of tbo day The aperluic of the te- 
lescope collects the liglit of the stai, so that the light rcccivccl 
by the eye is gieater than when the eye is unassisted. 'L'ho 
daikness m the tube of the telescope also in some measiuo 
assists “ 

The most infeuoi telescope will discoier stars that escape 
the unassisted sight By the telescope we discover that tho 
milky way, and some of the nebulie above-mentioned, consist ot 
^ cry numerous small stars. Others, even in the best telescopes. 


• It appears by the principles of optics, that ivhan an object is scon tbroUBli 
a tctescopc, the density of tho light on the rotma must bo always less tlian wlloi. 

oVet IS seen by ihe naked eye , but the quantity of light the whole imago 
may be much greater m the former case than in the latter. And it is cerla.n that 
our power of seeing the object with distinctness, depends on the nuanlity ofhol.t 
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appear still as small luminous cloiida Thcio la a vciy vcmaik- 
able one m the constellation of Oiion^ ’vvhich the best telescopes 
show as a spot umfoimly biight It is a ami^ular and boautilul 
phenomenon So gicatis the immboi of telcscopie stais in some 
pails of the milky way, that Di. Ilcischcl observed 588 slnn in 
Ins tolcscopo at tlio same time, and they coutinuod equally nu- 
meious foi a quailei of an hour In a space about 10 degrees 
long, and dogiecs wide, ho computed there were 258000 
stais* l^hil Tuns. 1795 

2^1. The most ancient catalogue of the fixed stai s is that o( 
Hipparchus, who observed at Alexandria about 150 B O, I lis 
catalogue consists of 1022 sUns. Although soveial colobiaiod 
astronoincis, as Tycho Biahe, &c. employed themselves in mmo 
acciuately obseiviiig the places of the fixocl stats, yet the niimbci 
was not much incrcnsccl till the time of Mamsload, whoso civtii- 
logue, entiled the British Catalogue, appeared m 1725. It con- 
tains about 3000 stars visible to the naked eye, and was the re- 
sult of nearly 40 years labour Later asiionomers have ob- 
seived, witli gieatei accuracy, iho places of some of those slurs, 
pailicularly of those in and near iho zodiac i and very recently, 
M Pmzzi, of iho Obsorvatoiy atl^alcimo, in Sicily, has lecoiu- 
plctcd the wholo catalogue. In 1802> M Dclahmdo jniblishod 
a work cnlitled Ilisloit e c6lntG Fi an^aisQ^ in which la e obsor« 
vaiions of 50000 stais, viz, ol‘ stars of the Glh magnitude not oh- 
seivcdby Tlainslead, and of telescopic slava of the 7lh, 8tli, and 
fltU magnitudes They weie inosily obaoivod by lus nephow, 
M, LofuuKjais Dclalando, and (umish a lusting monumoni of 
Ills patience and industry Gicai as is this mimbei of siuri of 
the above magniUidcs, it would not lio dilTiculi to increase U 
consideiably, 

25 Some stnis appearing single to the naked eye, when ox- 
amuicd with a telescope appear double or treble, that is, con- 
sisimgoftwo or three siaisvciy clobc togothci ; sucli arc Castor, 
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a Hciculis^ the Pole Star, &c Seven lumdiod, not noticed bc- 
foie, have been observed by Dr» Hcischel They me particu- 
laily useful for tiyiiig and comparing the goodness of telescopes, 
because if the telescope do not give a well defined imago, these 
stais will appear as one In viewing these double slais a sin- 
gular phenomenon discoveis itself, first noticed liy Dr Ilei- 
schel , some of the double stais are of diffciont colours, which, 
as the images aie so near each other, cannot arise fiom any de- 
fect m the telescope^ a Hevcuhs is double, the laiger red, the 
smaller blue » e Lyieeis composed of four stais, tlneo white and 
one red , 7 Andiomed83 is double, the laiger leddish white, the 
smaller a fine sky blue Some single stais evidently diflci in 
then colour Aldcbaian is red, Siiiiis bullumt white 

Fiom ohservatioiib at diffeicnt peiiods it appeals considera- 
ble changes have taken place amon^ the fixed stars* Stars have 
disappemed, and new ones have appealed* The most 1 emarka- 
ble new star lecordecl in histoiy, wastiuit which appeaiocUn 
1373, in the chair of Cassiopsea It was foi 0 time biighloi 
than Venus, and then seen at mid-day it gradually diminished 
in lustie, and after sixteen months disappeaicd* Tliatthe cu- 
ciimstances of this stai were faithfully lecorded wo can have no 
doubt, since many diffeient astionomeis of eminence saw and de- 
scribed it Coinelins Gemma viewed that pait of the heavens 
on November 8 , 1573, the sky being veiy clear, and saw it not, 
Tlie next night it appealed with a splendor exceeding all the 
fixed stars, and scarcely less blight than Venus Its coloiii 
was at fiist white and splendid, afteiwards yellow, and in 
Maich, 1573, led and fieiy like Mats or Aldcbaian, in May 
of a pale livid colour, and then became fainter and fainter till 
it vanished 

Another new stai, little less lemarkable, appealed m Oc- 
tober, 1604, It exceeded eveiy fixed stai m brightness, and 
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even appenved largoi than Jupiter Keploi wioto a diabcilaiiou 
upon it. 

Changes have also taken place in the lustre of the poimiment 
stmsj /3 Aquilao is now considerably less blight than y. A 
small star near ^ lusas majoiis is now piobably more blight than 
formerly, fiom the cncumstaiico of its being named Alcor, an 
Aiabic woid which impoils sharp-bightcdnossin the person who 
could see it It IS now very visible. 

20. Scvoial stais also chango their lustie periodically, 
0 Ceil, in apexiod of 333 days, vanes fioin the 2ncl to the 
Ctli magnitude The most striking of all is Algol or |3 Person 
Mr Gooducke has with great caic determined its periodical 
variations. It is, when brightest, of tho 2nd, and, when least, 
of tho 4lh magnitude ; ils period is only 2'^ 2V' ♦ it changes 
fiom llio second to tho foiulh magnitude m 3^ hours, and back 
again in the same time, and so remains foi thciost oftlio2‘^ 2r^ 
Those smgulai appeal anccs may bo explained, by supposing the 
fiNOcl star to be a body i evolving on an axis, having parts of its 
bin face not luminous 

27 The number ofnebulm is very considerable. Dr TTor- 
bcliol has chscovcicd above 2000 belore his time only 103 were 
known. But far the greater pait ofthcbo 2000 can ho only 
seen with toloscopos equal to his own. Tho vast quantity of 
light obtained liy his largo spcculums, i endevs his telescopes 
voiy nsoful for discoveiios among the fixed stars, for winch light 
IS the puncipal tiling to ho dcslied lie has given an account 
of several phoiiomona, which ho calls nebulous stais, stars siir- 
loimdcd with a faint luminous atmosphere. Ho dosciibcs one 
ohscrvccl Nov. 13, 1790. A most singular phenomenon ; ti 
star of the 8th magnitudo, with a faint luminous atinospUcrc, 
of a circular foim, and of about 3' diameter ; tho star is per- 
fcctly in Iho conUe, and the atmosphere is so diluted, faint, 
and c(iual throughout, that Ihovo can be no surmise of its con- 
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sisliiig of stars j nor can tlieie be a doubt of the evident con- 
nection between the atmosi^heic and the stai, Another &tai, 
^^not much less in biightness, and in the same field with the 
above, was perfectly flee fxom any such appeal ance.” Phil 
Tians 1791. 

Dr Heischel hns^ with unwearied attention, exoitcd himself 
in e\amining and noting cveiy thing lemaikablc in every part 
of the visible celestial suifacc, by a rcgulai review, so that little 
can escape him In consequence of his niimcions discoveueb, 
many veiy ingenious and magnificent ideas have occuried to him 
1 cspecting the fixed stais and nebula? 

28. Having given a sboit statement of the simple appeal- 
ances of the bodies placed on the concave surface of tlio hea- 
vens, which aie such, that they must stiongly excite our curio- 
sity , we may now leave the subject, and resume it aftei having 
stated the knowledge that obseivatlons and deductions fiom 
tlionce affoid us, lespecting the magnitudes, distances, and mo- 
tions of the sun, moon, and planets Then letuining again to 
the consideiation of the fixed stains, and assigning thorn theii 
pioper places in the universe, we shall discover what must fill 
oui minds with astonishment and awe, and mustiaisc m us the 
gieatest admiration of the Almighty Cicator, That winch has 
hitherto been stated, legards only what a spectatoi fixed to one 
spot might diSGovei It is only by a change of place, or by 
comparing the observations made at places distant from each 
other, that we can leadily arrive at a knowledge of the real dis- 
tances andieal motions of the celestial bodies. An isolated 
observer, however ho might be gratified by the spectacle of the 
heavens on a fine evening, would be able to discover little of 
ivhatj when the true circumstances aie known, add so much to 
the wondeiful variety we obseive in teuestrial matters, of the 
Cieator’s power He would only baiely disco vei that the sun, 
moon, and planets weie at cbflPerent distances fiom the earth 
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lie would also bo able to foim liypolbcscs to o\pluiu tliciv mo- 
tions^ but few of Iboso would ho bo oimblcd to submit to the 
lest of cxpciicncc. Previously to this it would bo ncco'^sary to 
mvcbtigato the figiiro uud dimonsious of the earth upon which 
he lives Tins knowledge is obtained fiom the phenomena 
which arise from a clmngc of place 
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CHAPTER HI. 


WICNOMCNA DCPENDINQ ON A CnANOR OF PEACI^ AND ON Till. 
FIGURE OF HIE EARTH. 


29 A SPECTATOR, Without changing liis silualloii on fho 
eailh, would soon discover that the celestial bodies aio not all 
placed on the concave siiifacc at^j;ef/ distances fiom him, Ibi 
he would leinark that the sun, moon, and planets vaiied theii 
apparent magnitudes oi diameteia, which must ailsc either lioni 
changes of distance, oi change.s in the actual magnitudes of 
the bodies The foiiner solution is so much simpler Ihaii tlio 
latter, that no one could hesitate iii adopting it, oven if uoi con- 
finned by otliei cii cumstances Likewise that the hoavonly 
bodies aie not placed at equal distances fiom him It was re- 
marked that the apparent paths of the sun and moon intoiscetcd 
each other. Wlien they appeal to meet at those intci sections, 
the moon IS observed to ohseme or eclipse the sun, consequently 
the moon must bo neaiei than Uie sun. But to proceed in the 
investigation of these distances, it will, as was ohserved, bo ne- 
cessary to become acquainted with the form of the eailli on 
which we live. 


30 A spectator placed on the, sea, oi on a plain, vvhcie his 
view m unobsti acted, at first consideis the surface as n plane co- 
mcicLiig with Ins hoiizon, and extended to the concave siufaco 
0 10 ce estial sphci e But it is immediately suggested to him, 

(hat {lie surface of the eaitli is not flat oi coincident with his 
lonson, for on the sea he peiceives the tops of the masts to dis- 
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ai')poav last, mid on tlio plain he obscives the tops of distant 
objocisj ivhen the bottoms arc invisible* This cminot be o\- 
tduined otbonvisc than by a cmvalmo on the caith’s siuface* 
T\\{} loyagcs of modem navigatois have put this mattci in the 
c'leincst lights for, by contmiiod sailing to the eastwaid oi west- 
wind, they have avuved agaiu^at Ihcpoit ft om which they set out. 
Tins has been done in diffoient courses on the siufacc, so that 
IhouOiy liaveising the caith, they have ascertained its sm face 
to be a cuivcd siiifaco lotuinuig into itself Eclipses of the 
moon scive to point out lliai the figuie of the eaith must bo 
neaily sjihoueal, for the boimdaiy of thceaitb’s shadow seen on 
the moon always appears ciiculai, which could not always be 
ibo case, unless the caitli woie neaily a sphere 

31 ♦ The magnitude of the earth is next to be considered ; 
picviously to winch il is necessary to lemaik, that liowevei dis- 
tant two places oil the earth’s sin face are, the angular distances 
of the same stars visible in each place are precisely the same ; 
from whence it follows, that the distances of the fixed stais arc 
so great, that each inhabitant of the eaith, in icspect to them, 
considers himself in the centio of the same imagmaiy sphoio , 
01 iluii all linos diawn Cioiii the siufacc of the eaiih to any star, 
may be considei cd as paviillel at the sm face of the cai th , for the 
inclmaiion of the hues diawu from any two places towards the 
same siai, is less than can be measmed, and thoiefoio for all 
pill poses tboy musl bo considered aapaiallch 

32* Every spectator also observes the same celestial polo 
and equator, that is, situnio the same with lespcot to the fixed 
stais j but the situation of the celestial circles with respect to 
the horizon will be difterciit. The mciidian altitudes of the 
celestial objects will bo difterent in difleient places, and ibo 
alUtudo of the north celestial polo will be increased or dimi- 
nisbod, according as an obsei ver tiavols noilb or south* Actual 
admeasurement shews, that the space gone ovci in a direction 
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noilh 01 south, is very neaily pioportional to the variation of 
the altituclo of the celestial polo Measurements shewing this 
have been made in Lapland, Holland, England, Gcimany, 
Fiance, Italy, at the Cape of Good Hope, Hindostaii, and in 
Noith and South Ameiica 

33 Fi om hence it is pi oved that the earth is neai ly a sphere, 
hy which is explained the phenomenon of the vaiintiou of alti- 
tude of the pole, being proportional to the space gone over in a 
diiection north oi south 

Let the ciicle LCS (Fig 4) leprcsont a section of the earth, 
on the plane of a celestial nieiidian, LR a section of the hori- 
zon of the place L, SO of the place S LP and SP' lines di awn 
in the direction of the celestial pole, which are tlieicforo parallel, 
(Art. 31 and 32) Produce SO to meet LR and LP, in H and 
B Now FSO = PBO, and PBO^PLR = LIIB C, thcrc- 
foie P'SO—PLR = C But C vanes as LS, consequently the 
difference of the elevations of the pole at L and S vanes as LS» 
Expel iment shewing this to be neaily so, it follows that tho 
eaith IS neaily a sj^here It is also pi oved by imvigatois, in 
distant voyages, making their computations of the distances 
sailed, upon the supposition that the eaith is a spheio, and tho 
result nearly agreeing with the distances ascei tamed by the rale 
of sailing deduced by the log-hne. 

34. The measure of a degree on the eaith’s surface is*' C94 
British miles nearly, that is, if the difference ofPLR and P'SO 
bo Pj the distance LS = 69^ miles, and thorefoie 360^ or the 
cjrcumfeiencB of the earth = 25000 miles nearly. Henco tlie 
diameter, which is somewhat less than } of the oircumfeionco := 


® The method of measurttig a degree is afterwards explained in the application 
^ ^ of astronomy to geography, jby which it is found that Iho earth is not exactly a 
sphere, its equatoreal diameter being about 2B miles longer than the polariaqcor^* 
^ «i| to ihe latest results, 
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8000 miles nearly* A vast mogniUicle, when inoasuvcd l^ymu 
ideas, but almost nothing when compiuedwdh olhci bodies, the 
existoneo of which, in the nnivciso, we mo enabled to ascertain 

35 It cannot now bo determined how long the knowledge 
of the sphoiical figure of the cnitlihas existed, but Just ideas of 
it weie early entertained. Above 2000 ycius ago it was com- 
monly known among astronomers. Indeed il mnst have boon 
discQVOiod ill the veiy infancy of astionomy. Il plainly ap- 
]icarod that the eclipses of the moon woio occasioned by the lU- 
loi volition of the caith, and the icimination of the shadow must 
soon have pointed out to them the fuim of the earth, The mea- 
sure given by Aristotle is the eaiUcst upon iccoul, who ropoits 
it from inoie ancient aiithois. Eratosthenes, who observed at 
Alexandria, and died 194 U. C. made use of a mclbod lor 
mcasuimg the earth susccpliblo of groat accuuicy, Tlio result 
of his measuiement has come clown to ns , but fiom tha uncov- 
lainty of the length of iho stadium used, it Ims been supposed 
llmi wo aio unable now to approcialo the accuracy of the ancieni 
moasiucments Although the sphoiical figuio ofllio earth was 
umvei sally acknowledged among the asiionomcis, yet the exist- 
ence of antipodes was long denied. 

36. That diamotor of ilio earth, paiallol to the imugiim- 
ry colcalial axis, is called tlio axis of the eaUli, and this is 
piopoily so called, because, ns will bo shewn, the earth uetimlly 
turns upon this axis, thoioliy causing the apparent diiiriud mo- 
tion of the concave surface, 

The great circle of the earth, the piano of which is porpoii- 
diculai to its axis, is called the ; eUnal (^qvalor. Ciidcs are 
also conceived to bo drawn on the earth, coi responding to iho 
imaginary circles m the heavens. Tlic secondary of the terres- 
trial equator passing IhioiigU any place, is called the 
meridian oH place. Thoaic of the meridian mieiccptml 
between tho place and the equator, is cnllod the lalUndo ol* the 
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place, and the arc of the equatoi inteiceptcd between the in en- 
dian of any place and some one given meiidian, is called the 
longitude of that place, and is lechoned 180® to the eastward 
01 westward. 

37 The British reckon their longitudes fiom tho Obsoiva- 
toiy of Gieenwicli , the Fiencli fioin Pans, &c When the 
Canary Islands weie the most westeily lands known, the longi- 
tude was icckoned fiom the meridian of Feno, one of those 
islands. The use of the latitude and longitude in fixing tho 
position of a place on the suiface of tho earth, was fust inlio- 
duced by Hippaicbus 

It maybe lemaikod heie that the piogicss in nstionomy 
was fiom the celestial ciicles to tenestrial,Qndnoi the contrary 

38. By passing to the south waid of the t^iresliial equatoi, 
we aie enabled to behold the pait of the celestial splieio ncai 
the south pole, which is invisible to us the inhabitants of Iho 
noitliein hemispheie The staisneai the south polo have been 
divided into constellations Dr. Halloy and Do La Caillc went 
to the Cape of Good Hope, for tbo expiess purpose of obsci v- 
ing the southein hemisphere 

39 The knowledge of the spheiical figiiie of tho earth ena- 
bles us readily to deteiminc tho position of the cuclos of tho 
sphere, with respect to the horizon of any place, tho latitude of 
which IS known Foi , 

The altitude of the celestial 'pole at any place^ is equal to 
the latitude of that place 

Let SELNQ and I-IO (Fig. 5) be sections of the earth and 
liorizon, in the plane of the mericbah of tho place L. LP tho 
dnection of tlie celestial pole, paiallel to tho axis SN. Then 
PLCrzSCL, and theiefore taking fiom each a ught angle, 
PLO = ECL, the latitude of the place L Art 36. 

40. Hence it will be easy to understand the changes of sea- 
sons ovei the whole eai th. But it is necessai y to premisj& tilat 
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oil obsorveis, who observe the sun at the same instant, lofor il 
nuaily to the same place in the celestial sphoic. It will l)i‘ 
shown hoicaftci that the greatest cliftcience of place is 17'^ and 
Iheicfoio we may consiclci the sun as appealing to dcscubo the 
same gicat ciicle to all the inhabitants of the caitli 

41, In all places having noith latitude, the jioitions of tho 
noitlicin parallels of declination above the horizon will be 
groatoi than those below the houzon, and consequently when 
Iho sun is on the northern side of the colostial hqaator, the 
days Will be longer than the nights, the poi lions of the south- 
cm circles of declination above the hoiizon will bo less 1lmii 
those below it, and ihciefoie when tlie sun is on the sonih- 
01 n side of the celestial equator, tho days will be shoilor than 
the niglits The conliaiy will take place in southern lu^ 
ii tildes 

For all places, except at the equator and poles, tho sphere 
(lofcronco being had to tho position of the paiallcls of de- 
clination, with lespcct to the houzon) is called an ohliqita 

43. At the equdtoi tho celestial poles are in the horizon, 
and hence the celestial equatoi and paiallcls of declination aio 
all porpendicnlai to tho hoiizon, and aie biseelod by li, and 
thoreforo at tho oquutoi all the heavenly liodies appear and 
disappear duripg equal times. This position of the sphere is 
called a light sphere. 

43 At the tcncstrial poles, the celeslml poles appeal in 
tho zenith, and tho celestial equator coincides with the horizon i 
the parallels of docllnatfen are parallels to the hoilzon At 
iho north pole tho southern paiallels of declination are in visi- 
ble, thoreforo the sun is there mvisilile dining six months. 
This position of the spheic is called a peualid sphere 

Tho circumstances mentioned in the three last articles fol- 
io^ from Art 39. (Fig, 6) will iljiustuvtc what has been said of 
fin ohliquc sphere ; (Fig 7), of light spheie, and (Fig. 8) 
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ol’ii |ianillnl «ph('U‘. In {Itew fi{»iires S find N lopicscnllho 
I'XJ ilio tMiualor, 110 llio lioi 17011, niul Dd Dd iinrnllcl? 
of dcclimdion I'ho .sjiliom is su])))osi.‘d lo l»o viewed nl viglit 
unglcH lo llio plimo of llio nieridimi, tlmt is, nil points lo lie 
Uiinsll'm'd pt'i'|ioiidu'iilnrly into llio plmic of the meudinn. 

'11 At \iItic(’H having 0 ( 5 ^“ uorthovu Uilitudo, the iioitlioin 
jiiualh’l ofdi'clinalum, wliicli is SdJ* fioni the cqmilov, will jusl 
(oiu‘h iho lioi'woii , hoiicc ns the sun is in this pnuillel nl llic 
Hiiiiinioi' solstice, the inlmliitniils of those places llini have 
luiith ltd will thou obsei’vo the sun during 24 hours Tlio 
Hinno liikoH pluco at the winter .solstice for places having 60 ^'* 
MOldlu'I'll lilt. 

di'J. I'ho iincionla divided Iho globe into five jn’incipnl zonos, 
'I’ho zoiio oxtoiidiiig 23 ^“ on each side of llio equator is called 
Uu' (oirid aono. The sun is always vortical to some place in 
tins 70110. I’lio two voiios holwoon lat. 23 ^® and 00 , 1 ® me called 
llio friiijioratc !:o7K‘S,' the two zones about llio poles mo called 
Ihoy) l^!d xo/i(>s The puriillol of latiludo bounding the north- 
0111 liigid 7,0110 IS called Iho mid that bounding the 

tamiluMii, Ibo m/arctic. 

'I'ho iHirnllol separating Iho ton id zone and 1101 them toin- 
poralo zone, is called Ibo norlliorn tropical circle , the sun, 
wilt'll in llio beginning of Cmicor, is veilical to Ibis circle Tho 
[niiallol sopnralnig tho southern toinporalo zone from tho torrid 
zniit', is called llio soutlioni iropic : the sun when m tho begiiv 
iiiiig of CJapvlconi is veilical lo this. > 

*^l'lit5 ancients also divided the globe into zones, tho middle 
of each /one diflcrnig half an hour in llio longlli of tboir long* 
cat day. li’roni the small oxiont of their knowledge of the 
surliico of Ibo onrtli, lliey ininginod that places in the same zone, 
wUicli they called oUmte, dlflfarod liltlo in temperaluro. If so, 
many parts of Siboria ought to bo of the same tompevatufe as 
Irolmid : bcnco the propriety of disusing the division qf th 0 


globe into climates. 
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CHAPTER IV. 

0 

ON ULFRACTTON AND nVII IGIIT m ^ ^ 

‘10 As connoclod with the CQith, wo may here coDsuhn its 
iiljDosplieiOj and how it nflccts the appiuont places of llio hea- 
venly bodies We know, fioin the science of pneumatics, thai 
the air surrounding the emth is an clnslic flnul, the density of 
which IS nearly proportional to the coinpiessnig foico, oi the 
weight of the incumbent nii. Whence it follows that the den- 
sity continually dcci eases, and at a few miles high becomes 
very small Now a lay of light passing out of a larer modimn 
into a denser, is always bent out of its coinse toward the poipon- 
diculai to tlie suiface, on which the lay is incident It follows 
thcrefoie that a ray of light must bo conlinualhj bent in its 
course tlnough the atmospheic, and describe a curve, the tan- 
gent to which cm VO, at the surfoce of the oailh, is the dncclion 
111 which tho celestial object appears. Consequently the appu« 
lent altitude is always greater than the tine. 

47 Tho reft action or deviation is greater, the greater tho 
angle of iucidonco, and thciofoio greatest when the object is in 
die horizon. The hoiijjontal refraction is about 331 At 45^ 
altitude, in its moan quantity it is 57^". 

48 Tlio reft action is affected liy tlio variation of the quan- 
tity or weight of tlic supemiciunbcnt atmosphere at a given 
place, and also hy its iompeiatine. In computing the quantity 
of refraction, the height of the bavoinetoi and thermomolor 
xpU^ibe noted. Tho quantity of icfracUon at llie smne isonitli 
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distance vanes neaily ns the height of the barometoi, the loin- 
peiaturc lemaimng constant The effect of a vaiiatxon of loin- 
pel atm e is to dimmish the quantity of reft action about pait 
loi eveiy increase of one degiee in the height of the thermo- 
metei. Theicfoie, m all aecmate obscivations of altitude or 
zenith distance^ the height of the baromelci and ihcrmomciGr 
must be attended to,^ 

49 The lefi action may be found by observing the gicatcst 
and least altitude of a ciicumpolai star Tlic sum of these al- 
titudes diminished by the sum of the refractions conesponding 
to each altitude, is equal to twice the altitude of the polo i from 
whence, (if the altitude of the pole be otherwise known), 
the sum of the lefi actions will be had, and fiom the law of va- 
riation of refi action, known by theoiy, the proper rcfi action to 
each altitude may be assigned 

50 Otherwise, when the height of the pole is not known, 
the ingenious method of Di Biadley may be followed, who ob- 
seived the zenith distances of the sun at its gicatest declinations, 
and die zenith distances of the polo star above and below the 
pole The sum of these four quantities must be 180® dimi- 
nished by the sum of the foiu lefractions, hence he obtained 
the sum of the four rcfi actions, and then by theory appoilioned 
the piopei quantity of lefi action to each zenith distance^ In this 
manner he consti acted his table ofiefi actions ^ 


Iheory shews lhat, whatever be the law of change of density, the varmtlon of 
refraction is aa the tangent of the wjuith distance, between the aonitli and about 
74° zenith distance At greater ;tenith distances we cannot apply theory to obtain 
the variation of refraction, because there the variation of the dcnMty of tho nir at 
diflerent heights will sensibly affect tho quantity of refraction, and the law of this 
variation is unknown 

^ The object of the observations in tliib and the preceding article le to ascertain 
the of refraction If we suppose ihe refraction to vary as the tangent 

distance there u but one coefficient, wlijclt can bb thus accufollely dd* 
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51 The ancients mado no nllowaiice ten icfi action, allhough 
it was in some measinc known to Ptolemy, who lived in the se- 
cond ccniiny, lie icmaik-s a thdeience in the times of rising 
and setting of tlio stars in diireiciit states of the atmohplieic — 
This howevci only shcivs that he w'as acquainted with a vaua- 
lion of lefiaction, and not with the ([iiantiiy of icfiuctiou 
lUclf, Alhazcn^ n Siiiaccn astionomcr of Spain^ in the ninth 
century, tirsl obseivod the diflbi cut cflccts of icfiaclioii on the 
height of the same slai above and below the pole — Tycho 
Biaho, in the sixteenth century, first consliuctcd a talDlc of ro- 
ll actions This was a voiy impcifcct one. 

52 As the atmosphoic rcfiaots lighl, it also lodccli il, 
which IS the cause of a consulciablc porlion of the day-li{^]il we 
enjoy. Aftoi snn-set also the atniosphoio icdecls to us the lighi 
of the sun, and pi events ns fiom licing plinigecl into Insinnt 
daikness, upon the fust absence of the sun. llepeatod obsei- 
Ajitjons shew that wo enjoy some twilight, till the sun has dc- 
hccndcd 18° below the horizon Fiom whence it has boon at- 
Icmplcd lo compute the height of the almosphci o, capaldc of 
leflectmg mys of the sun suiriucni to icacUns^ Inti tliorc is 
much iincGitainty m the matter If the lays come to us aftoi 
one reflection, they arc reficciod liom a height of about dO miles 
if after two, or Ihicc, oi four, the heights will bo twelve, five, 
and thieo miles The computation iciiuiics the nssistimce of 


tormmed Lot Ihc zenith ilislunccs of Iho sun bo 8, j nnU of Ihc ^tar thou by 
Uiadloy's method vvohavolOO'^^sS -p S'pZ f- Z' [- A . (tan. S d- tiui. H lun 
Z'Plan 7J), if the rofmction bo jroprcfioutod by A« tan. ron. diet, ni general j lionco 
A can bo delorminod oxaetty Sco Dclambio p 130. Kc! 

'I’ho investigation of the law of vaiiaiion of rcfiac tion fiom theory, is much loo 
diHicnlt to find a place in an <>lomontary booh Ucfcionco muy bo hail to Simp 
aon's filalhcmalioal l)ifi.ciliUions , Vince’s Astronomy, chap. 7, j> 70, I-iaplaco’s 
1\lccaii»iuQ cclobiu, lorn iv p. 2G7, , 'r^ans. H lush Academy, vol, m. 
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the theory of teu’csiual icfiactioiib (See Piofessor Vince*s 
Abtronomy^ Art* 206 ) 

53 The duration of twilight depends upon the latitude ot 
the place and declination of tlio sun The sun’s dcpicssion he** 
ing 18“ at the end of twilight, we lm\e the tluce sides of a 
spheiical triangle given to find an angle, viz the sun’s zenith 
distance (108“), the pohu distance, and the complement of lati- 
tude, to find the hoiii angle fiom noon. At and near the equa- 
tor, the twilight IS always shoit, the paiallcls of declination be- 
ing neaily t\,t right angles to thehonzon. At the poles the twi- 
light lasts foi seveial months, at the north pole fiom 22nd Sop- 
tembei to 12th Novembci, and fiom 25th Januaiy to 20lh 
Maich. When the diffeience between^ the declination and 
complement of latitude of the i>ame name is less than 18“, the 
twilight lasts all mghl 

54 Refi action is the cause of tlie oval figuios which the sun 
and moon exhibit, when neai the houzon The uppci limb is 
less lefiacted than thelowei, by neaily five minutes, oi ^ of the 
whole diameter, while the diameter parallel to the horizon re- 
mains the same The lays fiom objects in the lioiizon pass 
through a g)eate) space of a deme) atinospheie than those in 
the zenith, hence they must appeal less bright. According to 
Bougier, who made many expeiiments on light, they are 1300 
times fainter, whence it is not surprising that we can look upon 
the sun in the horizon without injiu hig the sight. 

55 Anotliei sti iking phenomenon icspecting the sun and 
moon m die hoiizon, must not be entiicly passed ovoi, ulthoiigli 
lathei belonging to the science of optics, viz. their gicat appa- 
lent magnitudes The cause of this undoubtedly is the wrong 
judgment we foim of their distances then, compaied with their 


^ Or when Iho sun’s polar diatanco exceeds the lat^udo by a cjituntity loss 
tlian 18^— lid 
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distances wlien their altitudes aie greater In estimating then 
distances when in the houzon, we aio led to judge them gicatei 
than when considerably elevated^ because of the vaueiy of m- 
tci veiling objects which fni nish ideas The appaicnt diamelei s 
being nonily the same lu both cases> we me apt to judge that 
olijecl largest, the distance of which we conceive gieatest This 
explanation is a veiy old one, hcuig given by Albazcn mthc iiiutli 
century Roger Bacon, Keplci, Dos Caitcs, and otheis also, 
woio of the same opinion. 
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HICROMETl'PS — DIAMErriUS AND DISPANOES OF THE SUN, SIOON, 

AND PLANETS — SPOTS ON HIE SUN AND HANLTS — ROTATION 

OF TilD SUN AND PI ANETS — MAGNITUDES OF THE SUN; MOON, 

AND PLANBIS 

56. Having attained to the knowledge ot the magnitude 
and figuie of tlie eaith, we aie enabled to extend our iiiqiiUTes 
to the magnitudes and distances of the sun, moon, and planets 
The piesent mipioved state of astiononiical nisti union ts fiii- 
nislies tnearis of making obseivations, by which we can obtain. 
With consideiable piecision, the magnitudes of the sun, moon, 
and planets, and asceitain the vustncss of the distances of some 
of them, lelatively to the diameter of the oaitln Wo can as- 
certain the angle two i emote places on the sin face of the caitli 
subtend to tt spectatoi at the, sun, moon, oi planets, and fioin 
thence deduce the angle the disc of the earth, when seen fiom 
any of tfiese bodies, subtends This angle can be obtained with 
the same accuiacy as we carl measuie the appdient diameter of 
the disc 9f a planet The method requiies not the assistance of 
any tlieoiy of the aiiangement of the celestial bodies, and theie- 
fore enables us to use the magmticent tmtlis it furnishes, in es- 
tablishing tlie tiue pi anetaiy system. The fixed stars appear, 
as was obseivcd, precisely m the same position with lespcct to 
each other, m whatever part of the earth we arc ; bdt the planets 
\aiy then position with lespect to the neighbouring fixed stars, 
the angulai distance of a planet fiom a neighbouring fixed star 
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appeming gieutei in one plucjc flian iii anothei It is horn Iho 
difreienco of these migulai clislunccs that we olilam the miglc 
which wo should soc the two places subtend, could we vomovo 
ourselves to the planet to make the obscivatiou 

57 I^t us pioceed to considci this method more imrlicu- 
larly, but Hist it may bo piopci to make a few lemarks respect- 
ing the method of mcasitnng small angles on the concave sui- 
face, and on the piecision with which they can be mcasuied» 
The diamotcis of the sun, moon, and planets, that is, tho 
angles they subtend, can bo measured with much accuiacy, by 
measuring tlie diameters of their images, foimed by tho object 
glass of the telescope* The image is measured by means of two 
jiarallel wires placed m the focus of ilio object glass. One of 
those wires is capable of being moved paiallol to itself, so that 
the wives may be loadily opened to touch the opposite sides of tlio 
image of a planet’s disc, and the interval of the wives furnishes 
at once the a]3paient dmmctei of tho planet, the scale being pre- 
viously settled by a&ccitainmg tho opening of the wives coiics- 
ponding to n given angle* Tins is one of the simplest kinds of 
micrometers mils simplest state; ihoie aie olheis wluch ills 
unnecessary to mention hcic Tho above is sulTicieni to give an 
idea of the method of mcasuuiig small angles Small angles 
can bo measured with much more accuracy than large angles* 
In measuring largo angles the whole leloacopo is moveable. In 
miciomeler measures, only the small apparatus of the wires is 
moveable, which can be executed with inucli greater nicety and 
exactness than the aggiegale paits of a large inslmmonl* Tho 
paUsofthemiciometor have much greater stability than the paiU 
of an mstuimenl for measuring large angles. Small angles may 
be mca&uied, by good insUumeiits, with cci taint y, to less ilmn 
Tho diflFcicncc of declinations of two stars, having nearly 
Ibe same declination, is also readily measured by moving ilio 
telescope, and turning the system of wires, so that one of ilio 
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slm's moves on the fixed wire, ond tlicn moving (ho other wli o 
till the other &tai moves along it This may he letuhly done, 
even if the stais diffci eonsideiably in ugh( ascension, but aio 
so neai m declination, that tliey aic both successively seen to 
pass thiongh the telescope while it icmains fixed. 

If the stnis difiei eonsideiably in right ascension, the 
quantity of lefiaction at each observation may bo changed, on 
account of the vauation of the baiomotoi and thormoincler, and 
must be allowed foi , but when they aie near togolhoi tlioy uro 
both equally affected by lefraction, and theicforo no allowunco 
is necessaiy, w'hich is a consideiablo advantage. 

58 To find the angle two distant places, in the same Ictics- 
hial nieiidian, subtend at a planet. Let II and S (fi’Ig. 9) ho 
two places, P u planet in the celestial meridian of thesi' plates 
IIF' and SF the diicctions m winch the same fixed stm, also in 
tlio meudian at the same time, is seen at the two places The 
stai made use of is supposed to be vciy noaily m llic same pa- 
lollel of declination as the planet, (hat is, not clifibimg in deeli- 
natioii moie than a few inmntes Pioduce IIP to moot Sh' in 
B then because I-IF' and SF aio iiarallel (Ail. 31) IIBS = 
BHF' . theiefoioHPS (= HBS + i>SB) = P'HP + PSF = 
tile sum of thenppaient distances of the planet and star (the jilaco 
of the planet being supposed to be between Uio parallels) 
riiese distances can be ohseived, as was said, with gieal nccu- 
lacy, by means of amici ometei -AVe have thus tlio prmcipul 
thing necessaiy to enable us fo advance by a most important s(oj), 

VIZ to obtain the angle the disc of the oailh subtends, ns seen 
from a planet.* 


* Thu angle u obtainoil in llii following mftnrtor 

caulTd" irr 

Itih f ana csz, 0 nr 

earth PioJuco PH and PS to meet 00 and O'Oin D rind t, anil Join |>,b, 
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59 The ( ^ipc of Good Hope is nearly in die saiuo mevuluui 
with many places in Europe^ having obhervatoiicb for astrono- 
mical pinpobOSj and Ihoiororc a comjiavison of the ol)scrvalions 
made lliero, with those made in Eiuope, fuvnibhob us with a 
means of piactiamg this method. By a eoinpanson of the oh- 
bervations of Do La Cailloj made at the Capo of Good Hope, 
wiili those made at Giccnwich, Bans, Bologna, Stoclvliolnij and 
XJpsalj the angles the earth’s disc subtends at Mins and at the 
Moon, have been obtained with very consideiable piccision. 
Comparisons of observations will also fui nish the same for the 
sun and oihoi planets But it will be seen hereafter, llial know- 
mg tlio angle the onilh^s disc subtends at any ono planet, wo can 
loadily find it for the sun or any other planet 


Now for lliOBuu taut plancU iho anglo UPS la very small, and cvdji for llio moon 
noi coheidornblfl, ami tlierofoio tho dlslanco VO la gical, comrarctl willi ClC. 
ITcnco wo may consulor OC, CD, CB ua propmlional lo llic nuglos OPC CPIT and 
CPS, and lliercfoio OPO CPU CPS UPS) OG j CD + CD Uut m 
ilio angles J) amt C aio very neaily nght nnglos, CD la the aino of Iho angle 1)110 
(s-^PllV), uiid OK 18 Iho Bino of CSl!j(ar: PbV^) lo rad. OC. llcnoo OC 
CD -I- Cli Had sm. VHP »ni. PSZ and OP 0 ^=: 2 OPC= 2 HlhS X 

ih r pg Z* oblam tho anglo OPO' il is nccoasary lo know 

Iho anglob VHP nml PS 5 ^, or tho zonllh dialnncoa of tho plnnol at tho two placcfl. 
But it n not nocowaiy that Ihoso angle# bhonUl bo obboivcd willi much pio( njoiij 
amco It 18 easy losoo that an onor of ovon afow mmuics, ui tho (|naiUiU08 of thoao 

angles, will mnko no Bonalblo error m tho nnnnlity -r — i?n77» 'tho 

“ ' 1 j um VHP i-sin,PS5(i 

uhovo 18 nn tho aupposUions, Ul, that lUo star and plauot nro on tho inoiidian lo- 

gclhcr 2 nd, that tho two phicoa aro on tho same lorircatiial inorulmii. If 

(ml phi mil aro not on tho moildmn togolhor, yet their diOuronco of dcoluiaiious 

being olnorvcd, It la tho same as if there had been a slai on ila mcndian with tlio 

plauol. If Ibo twtf pl«c«s arc not undei ihc «amo moiidiau, an allowance must ho 

made for tho plunoPs mottans m the interval botwei n lU paBsngca over tho two 

mendmuB, and we obtain llio dilfcrcnco of dccliiialiona that vould Imvo been oh 

HCtvod at two places under the humo membaH. 
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GO Tlic metliocl that has been desciibod, jiohK only to one 
olhei method in point of accuracy ; viz to that fuinishcd hy tlie 
tinnsit of Venus over the sun’s disc, winch will bo ptuticulniized 
heicaftei The nboie is fully sufficient foi the pnrjioses foi 
which it IS given Iieie, which put poses are to enable ns to coin- 
paie the magnitudes of the sun and planets with (hat of the 
earth, and to shew the vast distances of some of them lolalivoly 
to the diametei of the earth. 

Tlie diametei of the eai Ih when nearest to and seen fi oin 


Tlie Sun is 17" 
Meieuiy - 28" 
Venus - 02" 

Mars - 42" 

Ceies 1 
Pallas j 


IS 


- 9" 


Juno 4 
Vesta J 
Jiipitei 
Saturn 

Gcoigiuin SIdus 
The Moon 2'’ 


9" 

4" 

2 " 

I" 

2' 


A planet Ihciefoie appealing to us as small as (ho earlli iin- 

l«,^ to llto of Sotuu, »„,1 t|,„ Omgum, Si<l,,s, 

noiiW »ol l»vo boon obforveil oxcape by Uio nysistoiico .iflli,. 

telescopG 

n, n!^ J’T'tei, Saturn, and Gcorgium Siclus always 

appear with discs neaily circular ^ 

variable 

ml ‘ 1 Their diu- 

netcis may bo measuied with miciometois, and a.o found to be 

when gieatest, as follow njuim lo ijo, 

Jupitei . iJO" 

Satin n . ]g« 

Georgiinn Sidiis 4 'i' 

I ” The Moon 1920 " a 

^lios with the dialTe! 0?^? 


« 


Tlie Sun 
Mercury - 
Venus 
Mais 


1920" 

IF 

57" 

26 " 
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rtiamclcr of planet ; diameter of caiOf * " angle planet subtends 
at tlic eaiih * angle caitli subtends fiom planet 

Whence calling the diainotei of the partli unity, oi 8000 
miles in louncl numbeis, the dmmolci of 


The Sun is 

Difim. of 0 

111 01 

Miles. 

888000 nearly, 

Mercury 

0,4 

3200 

yojuis 

0,9 

7200 

Mais 

0,8 

(3400 

Jupiter 

11 

88000 

Saturn 

10 

80000 

Georgium Siclus 

4 

32000 

The Moon 

0,25 

2000 


' The largest of the new planets is aiipposod liy Dr, Ilovschel 
not to exceed 200 miles in diameter, 

03 The above method of obtaining the propovlion of tho 
dmmetei of a planet to that of the cuith, admits of being lo- 
pcated at pleasure, not being atTcctcd by ilio variableness of tho 
planet’s distance, and therefore a moan of many results being 
taken, gicat accinacy can be attained lo.^ 


^ Knowingr iho aiiglo Ibo earth’s di:sc subtends at Ibo sun oi a planet, wo can 
ftsc^rtam tlie distance, because the angle m seconds subtended by tho oarlh 206 
266 (the seconds in arc equal radius) diameter of the earth distance of tho 
planet from the eaiUi But a small error in tho angle bublcndod by llig earth, 
will occasion a couswlorablc crior in tho dislanco, and theicforo Him method of as- 
cortamnig the distance is not given, ns alTording muoh piccmion , but it selves 
sufilciently for showing tho vast distancos of tho sun and planets from the earth, 
which is all that is necessary for our purpose here^ If the angle subtondod at the 
sun by the earth be 17'^ tho sun’s distance from the earth is c=3 12136 dia** 
inclois of the caith, or 96 millions of miles ly* 

In like manner taking 2^^ and for tho angles subtended by tho cart If si 
disc at Jupitci, Satuin, and tho Goorgium Sidus, tho distances of those planets 
from tho earth will be 61666, 103132, 206266 diamotors of Ibo aarlh respectively. 
In tliismannoi the moan distance of the moon from the eaith is found to be about 
60 of the earth. 
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G1 Having deduced the real magnitudes of tlm appmcnl 
cnculor discs, the next stop is to show that tlxo sun and planets 
aie sphencal bodies With respect to the sun wo are assisted 
by the consideiation of its spots By the liolp of telescopes we 
often obsei ve, on the blight surface of the sun, daik spots of va-- 
nous and iiiegular foims These appear to move on thcsui- 
face fiom east to west, and aftci ai living at the wostoin edge 
disappear, and after a time again re-appear on the eastern edgo 
The times of appeal ance and disappeniniicc aio ncaily equal, 
each being 13^ days nearly The deduction to bo made fioin 
these ciicumstances is, that the spots aio on tlie j^irface of the 
sun, foi they cannot be bodies revolving aliout him, for tlienthey 
would not appeal on his smface, and disaixpear dining equal 
times The sun then must i evolve on an axis cariying those 
spots lYith him, 01 these spots must move on his sinfaco wiili 
such a motion as will account foi Ihc plicnomena The latloi 
hypothesis is much moic complicated than the foimer, for each 
spot separately must have such a motion given to it, as will 
solve the phenomena of its appeal ance and disappearance. The 
spots are not peimanent, but aie obseivod to increase and de- 
Cl ease, and at last cease to exist; yet till their entho disap- 
pearance their appaient motions on the suifaco of the sun conti- 
nue the same, which makes it still moic improbable that ihc mo- 
tion IS in the spots themselves 

65. Concluding then that the sun i evolves on an axis, wo 
immediately deduce that it is a spheiical body, for no revolving 
body but a sphere will always appear, at a distance, a circnlai 
disc The motions of the spots shew that the sun lovolvos mi 
an axis inclined to the ecliptic at an angle of 82"^, and that tlie 
time of i evolution is 25^^ 10^* Tlie process of compulation is 
too long*^ to inseit here ; it is sufficient to observe that calcula- 


See Vince's Astronomy, vol. i. art. 306, &c. 
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lions fioin tlio motions of cUnhcnt spots give llio same result^ so 
llini li cannot l)c clonbtcd that the slln^s i otatioii is tlio tuio cause 
of tlio appeal ances we olisorve ni the motions of the spots 

00. Few spots have been obseivcd faither fiom tho solar 
ccjuator than 30 degrees* Notvciy unficquontly thcic me spots 
in Iho sun so laigo that they may l)c seen by tho naked 05^0, 
when tho sky is colored wlih a thin haziness. A spot obsei ved 
in Apub 1779, by Di. Ilersehcb mcusiucd V 8^^ in dianictLM*, 
and was tliovofoic above 30000 imlos 111 dmmotci, bcetuise ti 
spot of the same diameter as ilic oailli would only subtend an 
agio of 17" (Art. GO.) 

G7 Vaiioiis tlieoucs have boon fovinod to explain tho solar 
spots Aslronomors gonenilly agree that Iho sim is an opa(iuo 
body covered by a luminous fluid, and tlmi eliangos in this fluid 
occasion the appoavanco of spots. Many disputes have taken 
place on tliis subject little worth ottending to, as all the hypo- 
thosos hithorto offered seem to icst upon slight fouiKlalioiis. 

C8. As the spots are occasionally seen by the naked eye, it 
IS 1 caddy conceived they may be easily seen liy the holp of tho 
most uuhnbi cut telescopes accordingly after tho invcniiou of 
that insluimenl they soon became objects of much notice. 
The first discovery of tUein is contended for by Galileo, ychci- 
nor, and Ilauiol. Iloriiot observed them in England in 
Dcccmlici 1010, which w^as about tlio fenmo lime when Galileo 
mentions that ho had observed them* It was not long after 
they were fiist discovered, that the iiicbnation of tho solar axis 
and lime of revolution woie ascortainod* 

69. By the appaioni motion of spots on tho discs, as well na 
by other arguments to bo montionod hereafter, wo know that tlio 
planets Vemis, Muis, Jupiter, and Saturn, aic spborlcnl bodies, 
each revolving on an axis. 

Venus 1 evolves in 33^' 30”^ Jupitci - 9’^ 52”' 

Mars . « « 24 40 Saturn - - 10 10 
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The lotation of Satin n was ascei tamed fiom obseivation by Di 
Heischel, That ot Venus by M, Schioeter, a celebiated Ger- 
man asfronomet 

70 No appearances have been discoveied in the otliei pla- 
nets sufficient to deteimme theinotatioii, but it is highly pioba- 
ble horn analogy tlmt they i evolve on axes» But wo have 
otherwise sufficient proof of their spherical form , foi iftlicy woie 
circular discs oi hcmispheies, it is highly improliablc tliat^ then 
motions among the fixed stais being so luegiilav as seen fiom 
the eaitli, they would always keep the same face tinned to waul 
it, foi the motions being observed to be sometimes cliicct, and 
sometimes ictiogiade, the planet, unless il be a spherical body, 
must, to piescive the same circular appeal ance, have contiaiy 
motions about the same axis 

71 The lotations of the sun and planets aie all in the same 
direction 

72 The sun and planets being spliencal bodies, thoir mag- 
nitudes will be to that of the earth as die cubes of thou diame- 
ters to the cube of the diameter of the earth , whence calling the 
magnitude of the eaith unity, the magnitude of 


The Sun is - 

1367631 

Jupiter - - 

1281 

Meicury 

0,064 

Saturn - - 

995 

Venus - - 

0,72 

Georgium Sidus 

80 

Mais - - 

0,5 

Tlie Moon 

] 

■fft 


73 The ancients had such veiy inadequate notions oftlie 
magnitudes and distances of the sun and planets, that the oartli 
was considered, by them, a body of as much importance as any 
other in the universe Pythagoras, as may be eollected from 
Pliny, Gonsiclored the sun only thi’iCe times moie distant than the 
moon, and the moon thiiteen times less distant than it is , hence 
nceording to him the sun was distant only by seven diameters of 
the eaith instead of 12000, and so the diameter of the sun would 
i>e only of the diamotei of the eaith. Aiistarohus, m the 
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Oiirclconimy bofoic Cluist, investigated the clislmice oflho snn, 
and found it to be only 1200 diameters of the eaitln Kcplci^ 
aliont two ccnhiiies ago, considcicd it ncoily five limes less dis 
lant limn it is 

74. A speclatoi obsoiviiig a planet not m his ycnith, icfeis 
it to a place among the fixed stars, clifForont from that to which 
a spectator, at the centre of the earth, would refer it The 
place scon fiom the centie of the cailli is called its hue place • 
the aic of the great ciiclc intercepted between these iinagi- 
naiy points is called the dm)7ial parallcuv* 

75, The diunml parallax is equal to the angle siiblendcd al 
ilic planet by the place of the spectator and contic of the ciulln 
For, to a spectatoi at H, (Fig 10), a fixed star in the diicctioii » 
HV IS in the jjcnith, and the distance of the planet fiom lUis 
stai IS VHP, but at the centi’e iho distance w VOP, and the 
difTeienco of these is the angle IIPC* The diurnal pniallax is 
greatest when the planet aj)pear8 in the hoiizon \ for tliq great- 
est angle that can bo formed by two linos, one diaum fiom the 
planet to the centre of the eaith, and the othei to the suifaco, 

is when the laltei is a tangent The parallax of a planet, when 
m the houzon, is called the honmitaj pm alla,v^ and is equal lo 
ilio angle the scmi-diamctei of the earth subtends at the planet 

7C, The diinnal parallax dcpi esses an object, a planet, at 
lising, appeals to the eastward of its true place, and at setting, 
to the wcstwaul, whence Iho leoim diurnal paiallax* By observ- 
ing the distance of a planet, at using and setting, from a noigli- 
bouiing fixed stai, the angle that iho earth’s disc .subtends nt tlio 
planet may be observed, and that by one observer j but this me- 
thod IS not so convenient as the piecodiiig. Observations near 
the honzon aic uncoitam J and the planet’s motion m the inter- 
val of the observations lequires to be most accurately known. 
Sovoial other civcumslancos also lender this method inferior to 
the above. 

u 
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CHAPTER VI. 


THE ROTATION OP THE lAUTII — MOTION OP HIE EARTH AROUT 

TIIL sun*— OREAT DISTANCES OF THE FIXED STARS — PREOIS- 

siON OP the equinoxes 

77 Having acquired q knowledge of tlio vast distances of 
the sun and planets, and of tlicu* magnitudes, wo aie led to con- 
sider whcthei the diuinal motion we observe m these bodies bo 
a real oi only on appaicnt motion, Real and apiiaiont motions 
aie not at fust Tcachly distinguished fiom each other The mo- 
tions of a peison in a ship, cainage, &c. daily afloul instances 
tliut vision alone is not sufBcient to distinguish between true and 
appaient motion. Either experience or judgment is necessary 
to distinguisli between them 

Diurnal motion . — ^That tho heavenly bodies lenlly move, 
and, by so doing, cause tlie appaicnt dimnal motion, wo can 
have no experience, nor can we leadily peiccivc the motion of 
our earth, as we, m fliat respect, aie in the same cncumstances 
as a person m the cabin of a ship in motion. Wo could not 
easily undei stand whetlier the whole motion was in tho ship, or 
in a bird, (the only visible exteinal object), flying at a distance. 
But examining the leasons foi each, wo distinguish which motion 
IS most probable, that of the eaitli loimd its axis or of all the ce- 
lestial bodies in the space of 23*" Eitlier tho celestial bo- 
dies revolve in the space of 23^' 56^” in great or small parallel 
chcles, according to their appaient distance fiom the celestial 
poles, or tho cause of that appaient diurnal motion is a veal mo- 
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tion of tho emth about mi axis m a direction fiom west to east* 
Tlmt tho latter supposition will explain ilie diuuml plieiiomona 
is so evident, that it is liaully necessary to dwell upon it 15y 
the lotation of the eaith about an axis, the horizon of each spoc- 
tatoi lias a motion, and will resolve in the celcstiul sphove in- 
stead of the sphere with its cncles, so tlmt the pnits of the co- 
Icstial sphere will be successively iincoveied and become visible, 
as tliey would do by a motion of the imaginary sphere itself, car- 
rying the bodies situaio m il 

78 Tlieonly aigumont against thib motion that tho spec- 
tator appeals at icst and the celestial bodies appeal to niovc. 
But as expel lonco oveiy day points out to us motions only appa- 
lent, nothing can be concluded fiom tho appaiontiesl of the 
spectator. Tho aigumonts fiom analogy in favour of the rota- 
tion of tho earth aio very strong Tho Sun, Venus, Mars, Jupi- 
ter, and Satiiin, all spheiieal liodiea like the emlh, (of winch, 
llnco are vastly greater tlian the eailh), levolvc about thoii 
axes. 

79 Also against the diurnal motions ol the colestiul bodies 
about the earth, are tho vast distances and magniludes of tile sun 
mid planets. Tho immense motions to ho given to ouch ol' 
those bodies at dilFerent and variable distances fiom tlio earth, 
and appaicntly unconnected with each other and with the earth, 
to produce ilieir apparent diurnal motions, would requho a very 
complicated celestial mechanism* To suppose the sun above a 
million times larger than tho earth, to lovolve uboiit the cm th in 
34 hours, instead of the earth i evolving about an axis in that 
time, ia conhary to that rule of philosophy by which ofTecls nro 
deduced from the simplest causes* 

80 Also wo know that when a body moves in the cheumfo- 
icnco of a circle, there is leqnisitc a foreo tending to the conlro 
to keep it continually in that circle* Now wo can assign no 
force acting upon tho sun and planets, to make thorn describe 

E 8 
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ilic (liurnal curies. No bodies aie situate in tlic dinemnt cen- 
tres of those tildes, by the continual attraction of nhicli they 
might be continually impelled fiom the tangent to the cirounifc- 
icnce 

81 Wc conclude, then, that tlic dmmal motions of the coles- 
lull bodies mo only appaieiit,aiul that these nppenumcesnio pro- 
duced b) tlie motion of the eaith about an axis parallel (o the 
upjiaient celestial axib, although cveiy appem anco may bo cv 
plained by supposing the eye in the centic of a revolving Mphore, 
m the concave siuface of which the heavenly bodies aro sitimlo 


* Allliough the argumenis for the rotation oftlio earth arc bo saijBfflclDiy, iJjnt 
no doubt whatever can remain, yet it is intercslmg to consider whether tlio inatloi 
cannot be subjected to a direct cKpenment It will readily appear that n. body Jot 
UW from a considerable height will, if ilio otirili rovolvea from west to cast, fall |o 
ilie eastward of the vertical line Lot C (Fig U) bo iho contro of Ibo ourlh, T 
Ihe place from which (he body ,s letfall, TB the vertical lure in direotioti of the cci|. 
ire W hen (lie body reaches the earth let tb be the position of tlio voi Licnl Ikic. 
m consequence of the earth’s motion. Take Bf= J tend f will be Iho plncooftho 
body, because the body, leaving the top of the vortical with a motion equal to Ibo 
motion of the top, is. at the end of ns fall, as far from tho first position of the vom 
ca a, , e (op of (he vertical itself is from lU first position. But Bb .s loss than 
Tt and therefore tban Bf, in the proportion of CB to CT, consequontly f is to llio 
eas warf of b. This is on the supposition that the place is nt Oio emmeor, «(id i( 
may suffice for an illustration An aooutato investigation cannot eonvenionlly bo 
«re,bu.mayl.fon„d 
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82» The lotation of (lie caiUi hns been cslablibhod, beyond 
oil coniioveisy^ since the time of GnlilcOj but the notion is u 
veiy old one^ it is cxpiessly mentioned liy Cucio as tlio opinion 
of ILcetaSj who lived about 400 yeni s bcfoio the commencemenl 
of 0111 a?ra The wouls of Ciccio nro> Ilicctas Syiaciisius^ ut 
ait Theophiastiis^ coeliim, soloiUj liinani, slcllnsj supciu deiii- 
quo omnia stare censcl , neque picatoi tennni lem ullain in 
" miindo mo veil quoo cum cucum a\cm so sinnmil ecleiitato 
convcilut ei torqueab cadom cfRci omnia, quasi slanto ten a 
coohim movcictui ” Acad Qn(rst Lib 2»‘^ 

83. Animal nioUon — The apparent annual motion of the sun 
IS explained, by supposing that eitlici the sun moves louiid the 
eailh or the eaiih loimd the sun, m a path or oibit nonily cii- 
cuhu For the sun, as has been slated, appears in the com-.c of 
a yoni to desciibo, on the concave surface ol the heavens, a groat 
circle called tlio ccliptict Observation shews that its apparent 
diameter does not vary much, its greatest being = 33^34" mid least 
31 39", consequently the vauation of distance, compaied with 
the whole distance, is but small Obscivatious likewise shew 
that its appaicnt motion in the ecliptic oi change of longitude is 
not equable, yet its diffcicnco fiom equable motion is not gieal 
The motion for any given interval of time, if it moved equably, 
is found by dividing its wliolc motion in a yeai by the numbci 
of given intervals m a ycm. Tims it moves 360^ in about 3G3 
days, therefore m an horn tlio motion is 3' 28" nearly This is 
called Ihe mean motion in an hour* Its gieatest hoiuly motion 
IS 3' 33" and its least 2' 23"» Whenco in h year tho sim moves 
m an orbit nearly ciicular, and with a motion nearly equable, 
about tho earth, oi the oaith moves in au oibit neaily circular. 


a Ropeu upud Gi«oronem pnmum Ilicotam sonsissctorrmu movon. Indo igiUir 
occiisioncm nactus, cocpi ot ogo do loino mobihlale cogUoi04 in suA 

ad PauUim III* lid. 
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with a motion iieaily equable, about ther sun. That the latter 
motion takes place is established by a variety of leasons 

84 It will be piovecl that the planets move about the sun in 
oibits nearly cnciilai, in diffeient peiiodic bines and at diflTcicnt 
distances. Also that all the planets receive their light fiom the 
sun, a body vastly greater than them all in magnitude, some of 
winch aie of much gieatei magnitude than the caitli. Again 
there is a certain relation between the pei iodic times of the 
planets and their distances fiom the sun, as ynW hcienfler appear. 
Now considenng the eaith as a planet i evolving lound the sim, 
its distance and pei iodic tune obey law of tlic rest of the 
planets which ciicumstance affoiding such on haimony bo- 
tween the motions of all those bodies, receiving ilioir light and 
appaiently theii heat, the source of animal and vogotablo life, 
must at once peisuade us to acknowledge the annufxl motion of 
the eaith, lathcr than that of the sun although all the princi- 
pal plienomcna of the plnnotaiy motions may be explained, by 
supposing them to revolve in oibits ncaily cnciilar round the 
sun, while the sun and planets aic together earned with an an- 
nual motion round the earth. 

85. But the most satisfactoiy proof is one that we cannot in- 
troduce with its fitll effect heio, at lequiimg somo pi cH min ary 
piinciples of physical astionomy This pi oof is from the know- 
ledge of that univeisal attendant of matter, the principle of at- 
ti action or gravity. The sun, eaitli, and planets mutually at- 
tract each othei, m piopoitiou to their quantities of matter oi 
their masses It follows, fiom the laws of motion, that tliey 
must come togetlxei, or each of them revolve in an oibit lound 
a fixed point, the compion centime of giavity of all the bodies 
Now we shall see hereaftei that the 7Ttctss of tlie siiUj as well as 
its magnitude y is vastly gieatoi than all die planets together, so 
ranch gi eater, that the common ccntic of giavity lies within tlie 
body of the sun , and the sun, in fact, will move about this point. 
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blit in ft path m smullj compared with tlio orbits of tlie pUmots, 
that it may bo said to be at icst^ and tho planets said to icvolve 
about tho sun, they i evolving about ix point so near his eoniio. 

Anothei aigumenb deiivcd fioin the volooity of light, will 
bo mentioned hcieaftcu 

80 13ut it is nocessaiy to show how this aniuml inoiion will 
evplam the changes of tho bcasons, or latlicv how tho annual mo- 
tion of tlio ouith will explain the appaient motion of the sun in 
a gieat circle inclined to the cipuitor ; for from lliis, as ivc liavo 
soon, are explained tlio changes of seasons* 

The annual motion of tlio cailh in an oibit, tho plane of 
which passes Ihiougli the sun, is independent of Us motion round 
the axis. That a globe may have two motions indoiioudeiil of 
each othoi, one a progressive motion equally ufrccting each par- 
ticle, oiicl tlio other a rotatoiy motion about an nxis^ is easily 
shown fiom mechanical principles. As tho piogiessivo motion 
ftlfects each ptuticle equally, it cannot ufFect tho lotatioii of the 
globe about its axis, and theicfove this axis will, while tlio globe 
has a piogiessivo motion, remain paiallol to itself. Supposing 
then the caith to have two such motions, it ns cloui that tho 
axis cannot bo peipendicularto tho plane of tho progressive mo- 
tion, fur othciwise tho sun would always appeal in tho celestial 
equatoi, But if tho polar axis be incHnod to the idano of tlio 
earth’s oibit constantly at an angle of 00° a spectator any 
whole on the oaiih will see the sun, in the com so of a year, np- 
paiently dcsciibo a gioat ciicle on the surface of the celestial 
spheie, inclined to tho equator at mi angle of 23" 28'. hov tho 
plane of the orbit constantly making tho same angle with tho 
tenestrial cquutoi, it will intersect the suifacc in a gxeat circle, 
inclined to tho equator at an angle of 23° 28', and thciofoio an 
eye at the ceutie of tho oaith will lefer tho place of tho sun al- 
ways seen in tho plane of the oibit, to a giout ciicle in die ce- 
lestial sphere, which enele it will cvKltmlly appear to dosciibc 
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in the caiu&c of a year to an eye at the centre* But it wa^ be- 
fore shewn, that, from Iho vast chstaiicc of the sun coinpaicd 
with the cUamotci of the eai th, all spectators refer the siin neaily 
to the same place on the concave siiifacc, whence wc coiiehicle, 
that by the motion of the eaith about the sun m an oibit, to 
which tlic equator is inclined at a constant angle of 23^^ 28^, the 
sun, seen,fiom any paii of the eaitli, will appeal to clesciibe, m 
the space of a year, the gieat cuclo called the ecliptic* 

87 The effects also of this inclination and pniallelism ot the 
axis, Will leadily appear, by considciing that a licmisphoro (or 
lather somewhat moie) of the caith, the base of which is pei- 
pendiculai to the line joining the cenites of tho sun and earth, 
IS illuminated by the sun* The jxisitions of tho poles and pa- 
rallels of latitude with respect to this hcmisplioic, will easily 
ahevr the vaiiation of the length of the days and of seasons* 

Let HVTP (Fig 12, 1) lepiesent the path or oibit of tlio 
oaith about the sun S; let also AB leprescnt the axis of the 
earth, B being tlie iioith and A the south pole Conceive this 
axis in a plane at light angles to the oibit, and that this plane 
always continues pamllel to itself, while tho centre of tho 
eaith moves about tho sun, the axis will then, it is evident, alse 
move parallel to itself. Lot AHB be tlio position of tho axis 
when tins plane passes thiough the sun, and tho angle SHB = 
90^ + 23° 28' Wlien the centre H has moved a right angle 
about the sun to V, tins imagmaiy piano being paiallol to its" 
formoi position, SV must be at right angles to it, tlxat is, to 
every line m it, tboiefore SVB is a nght angle When the 
centic conies to T in SH piodiiccd, the plane again passes 
thiough the sun, and because TBand HB aie parallel, STB=; 
90° — 23° 28', and is then least When it comes to P opposite 
to V, again SPB is a right angle H wdl lepicsent the place 
of the eai th at tlie winter solstice, V at the vernal equinox, T at 
the summer solstice, and P at the autumnal equinox, PV, Fi g* 
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12, 2 will roprosent tlie eaitli at H with itb enlightened and 
tlaik hemispheres, seen at right angles, to the plane of the mo- 
1 idmn passing tin ough tlie sun The angle SII15 is gi cuter than 
m any other position, and the noith pole B will be in the dark 
honnsphoio faithcst icnioved fiom the ciidc of light and dark- 
ness The parallel of lat Lm is the aiclic cnclo, and will just 
touch the cnclc^ of light and daiKness All places on the noilh 
side of the cqualoi, will have a grcatei poition of their paiallck^ 
of latitude in the dark than in the ciihgliteucdlicmispheio, and 
Ihciofoio the days will bo shorter than the nights The equator 
IS equally divided, and the parallels on the southern side have a 
gi cater portion in the enlightened than in the dark homisphoic 
/ 5 will be the paiallol to which the sun is veitical, and will re- 
present the southern tropical ciicle, because 7 He = LIIB =3 
23« 28', 

V will lie the place of the eaitli at the vernal equinox , fbi, 
l^ig. 12, 3 will represent the earth at V with its enlightened and 
daik hemispheres, viewed at light angles to the plane oflho 
moiidiaii passing tin ough the sum The circle of light and 
darkness will pass tin ough tlio poles and equally divide the pa- 
lallels of latitude , theiefore all places will have equal day and 
night, and the sun will be vertical to the equatoi. 

T will bo the jyhee of Iho eaith at the auminer solstico , foi, 
I^ig, 12, 4 will rcpiesent the earth at T, with its otiHghloncd 
and daik hemispheres viewed as before, and the same may bo 
lenmrkodwitli respoetto the northern andsouthein hcmisphcics, 
ns was observed with respect to tho southern andnoitlioni when 
the earth was at H* Fig, 12, 3 may also i opresent ilio earth 
when at P, with its enlightened and dark homispherea 

88, An olijociion to the motion of the oaiili must bo consi- 


cnclc caUcil ihcciiclo of light ami daiknoss^ is tlio cirt.iC| winch is tho 
hoimdary, boU\ccn the dark and on lightened hemispheres. 
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clcred herc^ which at fiist sight may appear to havo some weight 
No change is obseived in the relative position of the fixed stms, 
in consequence of that motion The angular distances of the 
fixed stars, observed at diffeicnt seasons of the yoai, always re- 
main the same, even when obseived with the most ox(piisite in- 
slnimcnts But, supposing the motion of the eaitli in an oibit, 
ncaily ciicular, loimd the sun, the observoi in one situation is 
nernoi some stars by 24000 diamctcis of the caitli, (vid, note, 
page 45), than in anotbci, and consoqiiently the angulai dis- 
tances of those stais ought to appeal gi cater,’' 


^ LetTDE (Pig 13) represent the orbit of the earth, T ami E tlio places of 
the earth at the solstices, when the axes Pp, p' of tho earth aio^in a plane which 
passes through the sun, and is perpendicular to (he piano of tlio oibit. Lei 
P be a fixed star m this perpendicular plane. When the earth is nt T tho 
observed distance of the star from the celestial polo is FTP, when at E it is 
PEP', Produoo pP to meet FE in R then the angle F= 'IRB^ PTU es 
FE p/— FTP, But these angles aio constantly the same, not having any percepti- 
ble chflerance, and therefore the angle subtended by tho diameter of tho earth's 
orbit, at a star situate m the solstitial eolure, is impercopliblo Ej Bradley took 
nincb pains to ascertain the angle P in tho case of y Eraconis, a star of tho second 
magnitude, situate nearly in the plane above mentioned or m tho solstitial coluio, 
about 16^ from tho polo of tho ecliptic, llus star passing tho inondinn near Ins 
zcniih, admitted of homg observed by a zenith sector, an instiument particularly 
adapted for observing with great precision near tlio zenith, whore also no eiroruan 
occur from tho uncertainty of refraction lie found the angle P impciccptiblo by 
his observations. Uy own observations, and those of Mr Pond, the piesont As- 
tronomer Royal, agree also as io iUs 5to,, m Bhcwing that tho angle P is impercop- 
ble. Lot us suppose tho angle F - 2^ draw the perpendicular EK, then 2" 
206266'^ (the seconds m an arch =3 radius) sin 2^/ md EK FE. But 
EK TE am. ETK radius For y Draconis t(|c angle ETK 76‘> nearly, 
hence EK =: ,97.TE, and thcreforo FE z= X *97.TE 100000. PE nearly. 

If Jhe earth therefore move about the s.m, tho distance’of y Draconis must ho at 
least 200000 times greaier'lhtftt tho Slsfaice of Ihe sun from tho earth, or above 
two thousand milhon diametois of the earth. 

The greatest angle the diameter of the earth's orbit subtends at any fixed star, 
which IS called the parallax of tho star, has been, till lately, thought imporLOpli- 
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89. Tho distance of tlio fixed stnvsj jnovod l)y the motion of 
the caitli, IS indeed woiideiful^ yet llieio is nolliing contiaiy to 
our reason or experience in admitting it. Wliy should wo limit 
the bounds of the uinveiso by tho liinils of our •senses ^ Wo see 
enough m every department of nature to deter us fioni rejecting 
any hypo thesis, merely because it extends our ideas of the crea- 
tion and divine Creator. 

Tho best telcseopcs do not magnify tho fixed stars, so^Jas to 
submit then diameters to measurement, but it is well asoertam- 
ed that tho apparent cliametei of the hrightcst of them is less 
than 1". Now being self shining bodies, and not subject, ex- 
cept in a few instances, to any appaiont alloiaiioii, wo may con- 
clude ilicm to be bodies of the nature of our sum But that tho 
diumetoi of the sun may appear less than a second, it must ho 
lonioved 1900 times favllicr from us than at piosenl j which is 
an argument in favoui of tho vast dislnnco of ilio fixed s(m s. It 
must howcvci bo confessed, that thisf nrgunicnt from analogy is 
much too weak to be in any degree decisive, and oiu positive 


bio. RI. Pifl77i, from Ins obsorvalions mmlo al Palermo, sas pooled a pniallax of a 
few Bccomls m sovcialslais (Vid. Con ties lomps, 1800, p. 4132). I’aiticuhir 
allontion 1ms been paid by myself to this subject, and my obscivaliuns inado with 
tho cnclo, 0 foci in dmmotor, bolongmif to tbo Observatory of Trinity College, 
Dublin, appeared lo point out a parallax m neve ml stars. The agicomont of io« 
BultB obtained by difloionl sols of observations, seemed lo Icavo no doubt on liiiH 
head However, observations made olaowhoro do not confmn my roauUst An 
oppoitunily wdl oflbr fuUhur on of again monlioiung tins cpioslioii. 

Nolo hij iho Tho colobmtcd Hooko waa tho first person limt assorted llio 

osistonce of ttuniml pamllav. His object was that it should servo aa an oipet tmui- 
mm Cl non to dolcimino bolwcon the 'i’yeUomc and Coiwfmtan ayatonis. Jlooko'a 
ob«orvaUons, liowovor, Mere too maccurato to bo ut all robed on. I'luinsicad also 
asseilcd tho omhIcuco of parallax, but did so from having ronfouutlcd il with abor- 
lalion. ])iadley completely bopaiated llic'ici inerpiahtiea, and denied the evisU 
cnee of sensible paiallax for the fixed btaro. 
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knowledge of the immense distance of the fixed stais must dc* 
pend upon the ccUainty of our knowledge of the cartli's motion^ 
of which wc have such evidence as must bo considciccl conclu- 
me* 

90. P) ecession of the Gqinnoxes —Although the place of 
the celestial pole among the fixOd stars has been consideied as 
not changed by the annual motion of the eai tli, yet in a longer 
pci led of time it is obseivcd to be changed^ and also the situa- 
tion of the celestial equator ; while the ecliptic retains tlie same i 
f situation among the fixed stais. Observation shews that this 
change of situation of the pole and equator is ncaily legulaix 
The pole of tho celestial equatoi appears to move ivitli a slow 
mid neaily uniform motion^ in a lessor circle, round tho polo of 
the ecliptic, while the intersections of the equator and ecliptic 
move backward ^6 eclyytic, with a motion nearly imhbnn 
Tliis motion is at the rate of about P in 73 yems, oi moio ac- 
' curately 56^', 3 in a year j Tconsequcnily the sun returns again to 
the same equinoctial point before he has completed his icvoliu 
tiou in the ecliptic ; so that the equinoxes precede continually 
'the complete appaient revolution of the sun in the ecliptic : and 
f W hence tho teim |)iecessibn of the equinoxes In consequence of 
. ' J appaient motion all tho fixed stais inciease Ihoir longitudes 
' iby 5Q", 3 in a ^ear, and also change their right ascensions and - 
, decimations. Their latitudes remain tho same. The j^^eriocl of i 
'the revolution of the celestial equinoctial pole about ijfeo pole of 
f , the ecliptic is neaily 36000 yems. ' i ' 

Tile north celestial pole theiefore will be, aboufel^OOO yoars ^ 
^,ihence, nearly 49® from the piesent polar stm ; 10000 

'years hence, the bright stoi a Lyrm will be the 

/north pole This star therefore which no’^^nn these la'tffiuclcs, 

^ 'passes the degrodi^f'te icnith, 

' twelve hours after is near tho honsson, will then iemei,iu nearly 
.stationary with respect to the hiim. All which will readily ' 
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ftppcai^ fi'om coiisiclerlng tlio ccle&tml concave miifaco as iepic« 
scntccl hy a common celestial globe 

91 This motion of the celestial polo oiigmatos liom a real 
motion in the eaitli, wheieby its axis, pioservnig tlio same in- 
clination to its oibit, has a slow leti’ogmclo conical motion, 
The cause of lliis motion is shewn, by physical astionomy, to 
aiiso fiom tlic atti action of the sun and moon on the excess of 
matter al the eqiialoionl pads of the cuitli By plijsical astio- 
nomy wo nic also enabled to a(*caunt foi a small change in (ho 
plane of tlio ecliptic Obseivations, scpiuatcdby a long in- 
terval, point out that the obluiuiiy of the ecliptic is diminish- 
mg at nearly the rale of half a second in a year, that is, tho 
ecliptic appears approaching tho equator by half a second in 
a yoai. Physical astionomy slievvs that this arises fiom a 
cliangc in the plane of tho oaith’s orbit, occasioned by tbo 
action of the planets : that Una change of obliquity will 
never exceed a certain small limit * and that by this notion of 
the planets, the ecliptic is piogrcssivo on llio cquatoi 14^^ in a 
century ^ 

Tho precession of the equinoxes is not entirely uniform, for 
a small inequality In the piocessiou, and change in the obli- 
qnily of tlie cquatoi to tho ecliptic, depending on tho position 
of the moon’s 9iodes (tho intersections of its palh and the eclip- 
tic) wore discovered by Dr Bindley, and arc confirmed by 
physical astronomy* The polos of the equator describe lound 
their mean places a small ellipse, not di0ciing much from a 
circle about 18^' m diameter, in 18 years 


^ Ilcnco lUo annual piccossion arising from tho spliorouhcal figiiro of tho oartli 
18 60'^ 10 + 0/^ 14= 60'/, 33 annually 

i< Uhoio iH aIro a solar inoquality of piocossion, dopondmg on tlio place of tlio 
sun in tliQ ecliptic , l\m is novci grcatci tlmn i* 
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92 The piecession of the equinoxes was fust tUscovoiod 
by Hipparchus, As the quantity of it is so pevcoptiblo in a 
luinclved years, a comparison of the position of tho circles of 
the sphere, asiecoided m the earliest oeia of astionoiny, and of 
then position now, has been used to assist chronology- 
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CHAPTER VIL 

ON THIS MOTIONS OP THE PRIMARY PLANITS— THE SOLAR Oil 
COPMINICAN SYSrEM — ^'IHL PTOLUMAIO SVSITM 

<fc> 

93 Having slated some of the principal aiguincnls lor the 
motion of the earthy an nn oibit ncaily ciiculuv about the sun, 
lei us now consider tlio planets, in gcncinh Astronomy hns add- 
cd much indeed to our knowledge of tlio cioation, by cuialiling 
us to ascei tain tlmt the planets arc vast bodies^ revolving i oimd 
the sun m oibits ncaily ciicular, some at gi eater and otlieis ut 
less distances than the oaitli, that some oftliG.so bodies arc 
smaller and others much largci than the earth . and thalj uc- 
coiding to a liigli dogreo of piobability, they are bodies of the 
same iiatnic as that on which we live* 

94« The principal planets aio always obscivod io bo nearly 
in the ecliptic, the annual path of llie sun on the concave sur- 
face , and foi the present let us consider them tis seen m the 
ecliptic* 

The most stuking circumstance in Iho planetary motions is 
the apparent ivrcgulauty of those motions^ iho planets ono while 
appealing io move in the same dlicction among iho fixed stars 
as the sun and moon, at another in opposite diicctlons, and 
somotimos appealing nearly stationary* These iirogularltics 
arc only appaient, andauso from a combination of iho motion 
of the earth and motion of the planet ; the observer, not being 
conscious of lus own motion, altubuting the whole motion fo 
the planet 

95* The planets really move, according to iho oidor of tlio 
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signs, in orbits nomly cnculai, and with motions nearly uniform, 
round the sun in the centic, at difleient distances, and m diiro- 
lent periodic times The periodic time is gieatci or less, ac- 
coiding as the distance is gieatcv or less Upon the liypolhcsis 
that the planets thus move, we can nsccitam, by help of ohsor- 
vation, then distances fiom the sun, and thcnco coinputo, foi 
a7iy UmOy the place of a planet, which is always found to ngice 
ncaily with observation* 

9G» Fiist, foi those planets which are limited in llicii elon- 
gation fiom the sun The doiigatioii of a planet fiom the sun 
is tlio angle subtended at the eaith by the sun and planet* 
These planets are neaiei the sun than the caith is, and there- 
foie called nifenoi planets, The greatest elongation of the in- 
foiior planet Merciuy fiom the sun is about 28®, and tho gi cut- 
est elongation of Venus is about 47® 

The interval of time between two successive infcrioi con- 
junctions with the sun can be obseived A planet is said to 
be in infeno) co 7 ij unction^ when it comes between the suu and 
the eaitli. In swpenor conjwictio7ty when tho sun is between 
the eaith and planet In inferioi conjunction, tho planet being 
neaiest to the earth, appeal's largest, and may bo obsei ved with 
a good telescope, even a very short time bcfoie tlio coiijimctioii. 
Foi our pmpose here, it is not necessary that the time of con- 
junction should be obseived with gieat accuiacy. Lot T ropro- 
sent the tune between two successive infer loi con j unction g* 
Tlien, to a spectatoi in the sun, in the time T, the inferior pla- 
net (moving with a gi cater aiigulai velocity) will appear to have 
gained four right angles, or 360® on the eaith , and the planet 
arid earth being supposed to move with uniform velocities about 
the sun, the angle gamed (the angle at the sun betwcou the 
eaith and planet, reckoning according to the order of llio signs), 
will increase umfoimly* 

97* Let TKLrepiesent the orbit of the earth, DNPGO that 
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of an inferioi planet^ each boing supposed cnculav, S the sun^ 
in ilic ccnlio, and P the place of the planet when theearlli is at 
E, Then in the tiianglo SEP (Eig* 14) wo obtain the anglo 
SEP the elongation by observation/ end the angle PSE liy 
compuiafion, foi it is the angle the planet has gained on tlio 
caith since the picccding infeiior conjmictioin Theiefoic, this 
angle PSE , SGO^ ♦ . time fiom inlciior conjunction ♦ T. The 
Uvo angles SEP and PSE being known^ the angle SPE is 
known, and lionce SP relaiwely to SE , for sin. Si^E * sin 
SEP . SE ' SP. Having thus obtainod ilie distaiico of iho 
planet fiom the sun, wo can, at any timC) by help of the time T 
and Iho time of the preceding infciior conjunction, coinpiUo tho 
nngulnr distance of the ])lanot from tho earth, ns soon fiom Iho 
sun, and thence, by help of the planet’s and curtl/s dislanco 
fiom the sun, compute the planet’s elongation fioin tho sun. 
Thus tho planet being at O, and Iho earth at E, we can com- 
pute the angle ESO , and having tho sides SE and SO, wo can, 
by tugonometry, compute tho angle SEO tho elongation of tlio 
planet fiom the sun. Tins being compared with the observed 
angle, we always find thorn nenily agiooing, and thereby is 
shown that tlio motions of the infoiior planets, Mcmity and 
Venus, are explained by those planoln moving in orbits ucaily 


“ Tho (vncients obsoivod Iho places of llio hjccd stars and plauots with respect 
to the sun, by tlio assistance of tbo moon oi planot Venus. In tho day Uino they 
very frequently could observe Iho situation of tlio moon with respect to tlm sim 
A^onus also being occasionally visible to the naked eye in tlio day timo, iboy used 
that star for tho same purpOBo. Now wo can, owing to tho convonionco of our m« 
fitruments, without iho mtorvoution of a thud object, oblalfi the angular distance of 
a planet fiom tho sun, by observing tho decimations of each, and tho diHorenco of 
their right ascensions# By which wo havci in tlie triangle foiincd by the distances 
of each from tho polo of tho equator and fiom earli other, two Bides and tho in- 
cluded anglo to find tho third side, tho angular distance of iho plniiot tVom tho 
sun. 
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circiilfli about the sun in Ihocentio* As tho computed pine o 
always agieoa with tho obseivcd place, it neces&auly follows thnt 
the letiogiadc, stationary appeal ances, and direct motions, of 
these planets, me explained, by assigning these cnculai motions 
to them 

98. It is easy to demonstiato tho retiograde and stationary 
appeal ancea 

To do this moio cleaily, it will bo necessary to considci the 
eflTect of the motion of the spectator arising fi om the motion of the 
earth, in changing the apparent place of a distant Jiody. Tlio spec- 
tatoi, not being conscious of his own motion, atliibiitcs tho motion 
to the body, and conceives himself at rest Lot S be tlio sun, (Ihg. 
15) ETthe space desciibcd by the eaith in a small poi lion of time 
which thciefoio may bo considered as lectilinoai. The motion 
is fiom B toward T Let V be a planet, supposed at rest, any 
wheie on the same side of tho line of tho dnection of tho oarlh^s 
motion as the sun Diaw EP parallel to TV, then while tho 
oaitli moves thiougli ET, the planet supposed at rest will np-* 
peai to a spectator, unconscious of his own motion, to have 
moved by the angle VEP, which motion is diiecly being tho 
same way as the apparent motion of tho sim And bocanso tho 
earth appears at rest with lespect to tho fixed stars, tho planet 
will appeal to havo moved forward among tho fixed stais by 
the angle VEP BVT n: the motion of the eai th, ns seen fi om 
the planet supposed at lest. Tims tho planet being on thcsanio 
side of the line of dnection of the eaitVs motion ns the sim, 
will appear, as far as the eaith’s motion only is concerned, to 
move direct Let M be a planet any whoie on the opposite 
side of the line of direction, then the planet wull appeal to move 
retiograde by the angle MER And therefore, as far as the 
motion of the earth only is conceined, a planet, when the line of 
du ection of the eai tlf s motipn is between the sun and planet, will 
appear retiograde 
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99. Torctinn to tho appai cut motion of the infcuoi planets 
Lot the cm th he at E, (Kg. 14), mid diawtwo Uuigents GE imd 
ED. Then when tho planet is at D or G, it is at ils gieaiosl 
elongation from tho sun S. It is clear tlmi tho planet being iii 
the infeiioi jiart of its oibit between D and G, lehiUvcly' to tho 
earth, and tho eaith being .supposed at icst, tho plnnct will ap- 
pear to move fiom loft to light, that is, retiogi^ado : and in tho 
iippei part of the orbit from right to lefl, that is, direct. But 
the caith not being at rest, wo aio to considoi the eflcct ol its 
motion, In the ease of mi inforloi planet, llio planet and tho sun 
are always on tho same side of the lino ordiicclion of the carlU^s 
motion, and therefoio the cfTect of the earth’s motion is always 
to give an nppaiont diicct motion to tho planel, (Ail. 98) 
Hence in the upper pait of tho oibit between the gicatcst elon- 
gations, tho planet’s motion will appear direct, both on account 
of tho earth’s motion and its own motion. In tho inferior part 
of tho oibit the planet’s motion will only be direct, between the 
greatest elongation and tho points where the retrograde motion 
ftom tho planet’s motion becomes equal to tho direct motion 
fiom tho earth’s motion. At these points the planet appeals 
stationary* and between these points, tlnough infcnoi conj unc- 
tion, it appears loiiogiade. 

100. Next, for the snpoiioi planets, or those planets which 
aio faithor fiom tho sun than tho emth is. Tho interval of time 
between two succeeding oppositions of a siipevioi planet to the 
sun can be observed, A siipeiior planet is in opposition^ when 
the earth is botween tho sun and planet. It is known when a 
siipeiior planet is in opposition, by obaeiving when it is in tho 
part of the zodiac opposite to the place of the sim. Lot T re- 
present the time between two successive oppositions, then view** 
ing the planet fiom the sun, the earth will appeal to have guinod 
an entue revolution, or on the planot, iu the lime T; mid 
the earth and planet being supposed to move with uw/oipi an- 
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giilai velocities about the sun, the angle gained by the earth wjll 
increase iinifoimly* 

101 Let TEL (Fig 16) leprcseiit the orbit of the earth, 
CDOG that of a supcuoi planet, N the place of the planet 
when the eaitli is atE Then, in the tiinnglc SNE, wo Imvo 
the angle SEN by observation, and the angle NSE by compu- 
tdtjon Foi NSE is the angle at the sun which the eaitli has 
gained on the planet since the pieceding opposition This mi- 
gle 360® ’ time since opposition * T The two angles NSE 
and SEN being known, the angle SNE is known, and thercfoic 
SN lelatively to SE Foi sin SNE . sin, SEN » , SE SN. 
Having thus obtained the distance of a supciioi planet from tho 
siin, we can, at aiiy iimo^ by help of the time T, and time of 
pieceding opposition, compute the angulni distance of the earth 
fiom the planet, as seen fiom the sun, and thence, by help of 
the eaith*s distance and planet’s distance fioni the sun, w^o can 
compute tlie plauet^s elongation fiom the sum Thus the planet 
being at R and the eaitli at E, we compute tho angle RSE, and 
knowing tho sides ES and SR, we can (by plane trig,) compute 
the angle RES, the elongation of the planet from the sum 
This being compaied with the obseived angle, w^e always find 
them nearly agieeing, and theieby is shewn that tlio motions of 
the superior planets aie explained, by those planets moving in 
oibitsncaily ciiculai about the sun As the computed place 
neaily agrees with the observed place, it necessarily follows that 
the letiogiade and direct motions, and the stations, of those pla- 
nets aie explained, by assigning to them these ciiciilar motions* 
102 And it IS easy to demonstrate these appearances It 
IS deal that tlie planot being in any jiait of its orbit, and the 
eaith being supposed at lest at any point E, tho planot will ap- 
peal to move fi^om west to east, or direct But tlie enith not 
being at rest, we are to consider the effect of its motion* The 
earfli being atE, diaw the tangent DEG, then if the planet is 
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in tlio uppei pnit of the oibit DCG, it is on the same side of the 
line of diicelion of the cm Ill’s motion ns the sun, and Ihcioforo 
the elfect of the caith’s motion is to give nil nppnient cliieci mo- 
tion to tlio planet The caith being at E, and the planet at D 
or O, the planet is said to be in quadrature ; consequently fiom 
quadrature to conjunction, and fiom conjunction to ([uadiatiiie, 
the planet ajipears to move direct, botli on account of its own 
motion and the mollon of the caitli If tlie planet is in tlie 
lowei pait of the oibit DOG, the ctfect of the oai Ill’s motion is 
to give an appaiont ictrogrado motion to the planel, conse- 
quently fioni qimdiatiirc to opposition, and fiom opposition to 
qimdiaturc, the planet moves dneot oi letrogiado accoiding as 
the c/Tcct of the planet’s motion exceeds, oi is loss than, the 
cflect of tlio earth’s motion. Between quadrutuio and o|)posi- 
tion thou ofFects become equal, and the planet appeals slatiou- 
ury, and altorward through opjiohition to the next station rolio- 
grade. 

103. The apparently n regular motions of ilio pUuiets among 
the fixed stars, must stiiko the most cuisory ob&oivoi, and it 
would not at fust bo expected that these motions could be ex- 
plained by so sim))lo an nuangement of the liodics But it is 
not enough to eslabbsh the true ariangomcnt and tiuc motions 
of the bodies, Inat the genoial niipcaiances aio explnlnod It is 
necessary that the most minute cucumslances of Iheir appment 
motions can be shewn to arise from that auangomenl Wo Imvo 
supposed above that the oibits arc accuintely circulm, that the 
planes of those oibitsnnd that of the eaiih coincide, and that the 
angular motions wore uniform; but if the jilanes ol tlie oibits co- 
nieidod, if the orbits were accnraloly circulm, and weie iimfoimly 
described, the planets would always appeal in tlio ecliptic, and 
would always bo found exaclly in the places wbicb the computa- 
tion on the oil cular hypothesis points out ; but none of llioso things 
take place exactly deviation however can be oxpUuiied, by 
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bhewmg* that the planes of the orbits of the planets aio inclined 
to the plane of the earthS oibit at small angles^ and that the oi- 
bits are not circles^ but only neaily circloSj being ellipses^ not 
diffeiing much fiom cucles> as will be shewn faithcr on* Every 
phenomenon^ even the most minute, can be deduced from such 
an nirangemont j no doubt theiefoie would remain of tho mo- 
tions of the planets, in such orbits, loiuid the sun, even had wo 
not the evidence derived fiom physical aationomy 

Another ariangement, known by the name of tlie Ptolemaic 
system, will explain the geneial appeal mices of tho planotaiy 
motions, will shew when they me diiect, stationaiy, and retio- 
grade, and will enable us to compute neatly then apparent 
places, but when applied to the moie ininiito circumslances of 
their motions, it totally fails. 

104 Tile penodic times of the nifotioi planets cam bo de- 
duced neaily, fioni obsei ving tho time between two conjunctions, 
their Dibits being supposed ciiculai 

Let T r: the time between two successive inforim or bupc- 
1101 conjunctions 

E r=: pel iodic time of the eaith 
P periodic time of the planet 

Then consideiing the planet^s angulai motion as uniform, P . E 
» 4 right angles angle desciubed by planet about the sun lu 
time of earth’s i evolution 4 light angles -j- angle gamed by 

planet on earth in tune of earth’s revolution 

But the angles gamed are as the times of gaining them ; 
therefore 4 right angles . 4 right angles + angle gamed by pla- 
net on earth in time of eaith’s revolution ‘ , T T + B. 

Hence'‘ P • E ; T T + B, therefoie P = conse- 

1 *4-1l 


^ Oihonv)S6 thua —I'he angle described liy tho planet m tho unit ofiiino is 
and that by the earth hence thoir separation m this lime is-^ — ^2, 
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quently knowing the timo botwoen two jnfcrioi conjiuictioiibj 
which can bo lenclily obaeivecb wo obtain Iho poriochc times of 
the planets Meicuiy and Venus. 

The inlcival between the mfeiior conjunctions of Meicury is 

115 days^ therefore its poiiodic time 87 days 


The Intel val for Venus is 584 days, and consequontly its pe- 
iiod»l™a = f^;= 234tH» 

105 The periodic times also of the snpeiioi plniicis can be 
obtunicd, fiom obseiving (ho timo between two successive oppo- 
sitions 


Let T, Ej and P icprcsent aslioloio Then P • E . • 4 right 
angles angle desoi ibcd by planet ju lane of eai th’s lovolution :=: 
4 light angles— angle gained by caitlion planet in time ofoiuthN 
1 cv. Also 4 light angles , 4 i ight angles— angle gamed liy oai tU 
in time E r T • T-E, hence P E : * T T-E, Ihorofoi c P= 
Txn 

The interval between two oppositions of the Geoigmm Sidiis 
as 309^ days ; hcnco the pei iodic time of the Gcoigium Sidiis 

— = 82 X 365 }. == 83 years l^'or Saturn, tho in- 

terval is 378 days, and consequently the jiciiodic lime of Saturn 
^ mmmci tho pe- 

Hodio times of tho oilier siipcuoi planets may be nearly dcici- 
mined. 

100, Tho inolmaiions of tho planes of tho orbits of all tho 


biU mu 0 they hopaiatc by 3 G 0 ui Lhc time T Ihcii Bcpaialion in llio unit of timo is 

also 1 ctpialmg tliosic quantilica >vc have i — 4^717 wlionco 

T 1 * 1 T-pli 

Yor tho siipcuoi pltiiicls tho equation is i j?rs 1 , wligrico Pers jjjLL — jid, 
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phinels, except Pallas, to the plane of the eai til’s oibit aie smalh 
The method of asceitaining the inehnations will bo afterword 
shewn The points, in which a planet’s oilni intersects tlic 
plane of the earth’s oibit, aie called nodes. The node ihiougli 
winch the planet ])as&es flom the southern to the nmlhern side 
of the ecliptic, is called the ascending nodcy and the other the 
desce7iding node. 

When an mfenoi planet is noai one of its nodes at infciior 
conjunction, it appeals a daik spot on the sun’s suiface, and 
tlieieby IS shewn that the infeiioi planets receive ihoii light 
ftomthe siin When Vcmis is in supciioi conjunction, at u 
consideiablo distance horn its node, it may be seen, by help of 
a telescope, to exhibit an entne cncular disc Indeed all the 
chflfeient appearances of the infeiior planets, as seen tliroiigh a 
telescope, aie consistent with then being opaque bodies, illu- 
minated by and moving about the sun m orbits nearly circular. 
Near infeiioi conjunction they appear cicsccnts, oxhihituig the 
same appeal ance as the moon a lew days okh At the gicntost 
elongation they appeal like the moon when halved, and between 
tile gieatest elongation and supeiior con junction they appear 
gibbons, 01 like the moon between being halved and fiilL 

107. These appeal ances aie easily explained — Tlio planet 
being a spherical body, the hemispheie tinned toward the sun 
IS illummated A small pait only of this hemisj^here is tLirncd 
toward the eaith, when the planet is ncai lufeiior conjunction, 
Half the enlightened hemispheie is tinned toward the eaith, 
when the planet is at its gieatest elongation, Moie than hall^ 
when the planet is between its gieatest elongation and superioi 
conjunction 

Foi, geneially, both with respect to mfeuor and supeiioi 
planets, the gieatest bieadth of the pait of the illumined hemis- 
pheie tinned towaid the earth, is piopoitional to the exieuor 
angle at the planet, foimcd by lines diavvn fiom the planet to 
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tho sim and caitlh Let PS (Fig 17) bo in the dneclioii oftbo 
suiij PE in that of tho cnith, IPIILO the section of the planet 
in tho plane of the caith% oibit, Dmw HO perpendicuhu to 
EP^ and HIO is tho greatest bieadth of ilic honnsplieie tinned 
toward the cailli j IL being porpondiciilai to SP^ lirlL is tho 
greatest breadth of tho illuminatod lieinisphore ; and HI com- 
mon to cachj IS the giealest bieadtli of the illumnmted pait scon 
from tlic earth. The measiuc of this is the angle IPII = IPS 
d- SPII IIPG + SPII 13 SPG tho oKlerioi angle at tin? 
] linnet. Now near nifeiiov conjunction the oxteuor angle is 
less than a right angle, at tho gieatcsl olongniion it is a light 
angle] and after wauls greater than a light angle* Therefore 
tho bieadth of the illuminated pait is icspectivcl}'' loss than a 
qiiadianb equal to a quadianb and gi cater than a quadrant 

108 It is easy to see that as the pi inets apjicar llul discs on 
tho concave siufaco^ so their illumined paits will be piojcclcd 
on the flat surface, and the greatest Incadlh will be projected 
into its versed sine, as in Fig. 18 Ij 18, 2, 18 3, where IH is 
piojcclcd into its veisecl sme AB Because llio projection of u 
ciiclc, inclined to n suiface^ by ught linos pcrpoiichcuUir to that 
surface^ is an cllqise^ the inner Icunination PS of tho cnlighi- 
ened pai t appears elliptical, and the onlighicnccl sui face surface 
of planet : j AB ; AC * * versed sine of extciior angle • dm- 
moler 

109 With respect to the superior iihmots ^ tho extcrloi an- 
gle of the planet is least when the planet is in qiiuchaturo. For 
when tho exterior is least tho inloiior is gicatost Now it is 
evident that SGR, (Fig. IG) when OE is a tangent to llio orbit 
of tho earth, is gi cater than when E is at any otlioi point, and 
thoiofore the planet being in quadrature, iho cxlouor angle is 
least SOE for every suiicrior planet is acnlo, and the exieiior 
angle obluso, and consequently its vcised smo is gi eater I ban in- 
dins Whence moie than half the disc of a superior pluiiol in 
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always sooiij and it ai^pears most gibbous in qimclvaturo Mars 
then appears gibbous about ^ of liis dmmetei ; Jupitoi only 
by about of Ins diamotei, which quantity is impel coptible, 
even by a telescope , because Jupitei’s disc then only subtends 
an angle of 30 ^' Accordingly all Iho siipeiioi planets^ except 
Mars^ appeal always with a iull face* Tho new planets a]')peai 
so small, that it cannot bo expected that they should appeal in 
any degree gibbous 

no* The bughtness of a planet depends botli on tlio quan- 
tity of ilium inatecl siuface and its distance The gieatci the 
distance is, the less the bughtness , which, the illuminated siu - 
face lomainmg the same, deci eases as the square of the distance 
inci cases, so that in computing when a planet appears bughtest, 
both the illuminatod surface and distance must lie taken into tlie 
account Both cncumstances concui in making a supeuoi pla- 
net appear bughtest at opposition The inferioi planets aic 
not bughtest at supeuoi conjunction, because of tlioir gioatoi 
distance; and neai mfeiior conjunction, the^illiiminalccl part 
visible to us as vciy small Tho place of gieatcst buglUness 
then lies between inferior and superioi conjunction* 

The solution of the problem to find when Venus apjiears 
bughtest, gives her elongation thou about 40 degiees* The 
places of gieatest brightness ai*e between the places of grenleai 
elongation and infeuoi conjunction Tliis agiccs voiy well 
with observation When she is near this position she occasions 
a strong shadow in the absence of tho sun , and foi a consider'- 
able time both befoie mid after she is at tins elongation, she 
may he readily seen in fiill day-light by tlio naked eye* 

111* From inferioi to superior conjunction Venus is to tho 
WGstwaid of the sun, and thcrefoie rises before tlio sun, and by 
the splendor of her appeal ance, being much noticed, is colled 
the morning stai Piom supeiior to infoiior conjunction she 
appeals to the eastwaid of the sun, and (heieforo docs noLsot 
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till aftoi llic siiiL RHcl 16 then called the evening btai\ Jupilov, 
winch appionches miicli ncaiei m splendor to Venus than any 
othei planet, is someiinios called a morning oi evening star, 
acGOiding as it rises before oi sets aRor the sun, and wlicii 
near opposition may be called both an evening and morning 
star. 

1 13. Tho following TABLE exhibits at one view the princi- 
pal outlines of the planetary system 
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The times and aics of xctrogiadation aic computed on the 
suppo^iition that the oibits mo ciiculai 

The appaiont diaineteis of the now planels have not been 
ascei tamed They aic too small to be meabured by mici’o- 
ineteis 

Di Ileischol thinks that if the diamctci of any one of llicin 
amounted to { of a second^ he should have been able to have 
ascertained it —Phil Tian Part 1,1805 

The minuteness of these bodies has induced him to class 
them as distinct fioni the planets, under the name of Asteioids 
It may bo obscivod that an appaient diameter of of a sccontl 
m opposition would give aical diameter of 222 miles 

113 Peihaps the most stiiking cncuinstance in the above 
table, is the great velocities with which the planets move i and 
this IS moie impiessed, when we considci that of the onrlli on 
which we live, the velocity of which is 90 times greater than 
tlie velocity of sound In contemplating those velocities, at 
cannot but occiii to us how gieat a powei is necessary to l)o 
continually acting, to ciicumflect the planets about the sun, and 
compel them to leave the tangential chrcctiom A power that 
acts incessantly, and is able to countoiact the great velocities of 
tlie planets, must excite our inqimies as to ils origin and law 
of action 

We can ascei tain that this powei is constantly diicctcd to- 
waids the sun, increases in intensity as the squaic of the dislaiico 
fiom the sun deci eases, and that it is the same powei which is 
diffused through the whole planetary system, only vaiying in 
quantity as the square of the distance fiom the sun is vtuiccl 
So far physical astionomy teaches, but the pioximale causo of 
this power, or solar gravdy, as it may be called, is unknown 
We cannot tiace by what agency the Siipiomc Being, from 
whom all things ouginate, has ordained the operations and laws 
of gravity to be executed 
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] H By n comparison of the dislancos and ])oiiocUc limes, 
which aiG clGtcrmined mclcponclently of oneh other, it will he 
seen that the squares of the po) lochc times are as tho cubes of 
the dhtances* This i elation was first found out hy Kepler 
For a long time no necessary connexion was discovoiod hclvvoon 
tlio periodic times and distances, till at last it nas shewn to bo 
a consequence of the law of giavity above-mentioned 

115* Atpiesentwe know of no socondaiy cause that could 
have any mfluence in legulating the lespocUvo distances of the 
planets from tho sun , yet there nppems a i elation belween tlio 
distances, that cannot bo considoicd as accidental Tins was 
first observed by Piofessor Bode of Berlin, who remarked timi 
a planet was wanting, ni tho distance at which tho now planets 
have since been discovciod, to complete tho i elation, Accord- 
mg to him, the distance of the planets may he expressed nearly 
as follows, tho eai ill’s distance fiom tho sun being 10. 


Mercury 

4 


4 

Venus 

4+3x1 


7 

Emth 

4+3x2 


10 

Mars 

4+3x2* 


IG 

Now planets 

4 + 3x23 

rr; 

28 

Jupiter 

4+3 x2^ 

= 

52 

Saturn 

4 + 3x25 


100 

Gcorgium Sidus 

4+3x2® 


lOG 


Comparing these with the mean distances above given, we 
cannot but lomark thoncai agreement, and cun scarcely hesitate 
to pronounce that these mean distances wore assigned aocoiding 
to a law, aUliough wo arc entii ely ignorant of tho exact law mid 
of tho reason for that law* 

116. Astronomy must have been considerably advanced bo- 
foio any attempts were made to asceitam tho position of the 
planets with vesjicct to the sim and to each otlior, and to dove- 
lope thou motions, It is said, howovei, that the Egyptians veiy 
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caily conceived tlie motions of the planets Meiciiry mid Venus 
to be about the sun^ and also that the Pythagoreans considered 
the siiu as the centie about which the planets performed thou 
motions, But their opinions aie ,so impel fcctly oxpi cssed in the 
few scattcied notices which are found ni dlffeioni authois, that 
little can be known with ceitainty about them 

The distinguished astionomeis of the Alexandrian school 
Austaicluis^ Eratosthenes^ Hipparchus^ and otheis^ seem not to 
have attempted any theoiy of the i^lanotaiy motions^ no twitli- 
standing they far excelled in other parts of astionomical know- 
ledge all that had gone before And we are ceifain that till 
Ptolemy, wlio wrote about 140 years after the bnth of Chiisl, 
published die system that goes by his name, tJie motions of tlio 
planets weie not submitted to legiilai calculation 

In the Ptolemaic system, the earth is supposed immoveublo 
in the centie, about which the Moon, Mercuiy, Venus, the Sim> 
Mais, Jupiter, and Saturn aie supposed to icvolve in dlflbieni 
peiiods and in the older stated. All these bodies, as well as Iho 
fixed stais, weic likewise supposed to be cauicd round tho carlli 
by tlie motion of iho pnmtim mobth in 24 horns, Tho latlei 
opinion appeals now so unphilosophicol, that wo nie apt to 
judge by it of the rest, and despise the whole Ptolemaic system, 
as unworthy of consideration. However, that pai t of iho gyslcm 
by which the inequalities of the jDlanetary motions weic ex- 
plained is well woitliy of examination, and seems in some mca- 
suie entitled to the credit which it possessed for neai fourteen 
centuries > 

117 The motions of the inferior planets were supposed to 
be as follow, Let E (Fig 19) be the earth, SS' the path of 
the sun, V Venus m inferior conjunction, Venus is supposed 
to move uniformly m a ciicle winch is carried uniformly round 
tlie earth LiOt V N bo the circle an which Venus moves, while ^ 
this oncle is moved uniformly about the earth. The ciiolo m 
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which tlio planet moves is called the epicijcle^ and that on which 
tlio ccntio of tho epicycle moves jg called the dejoieiit Tlio 
epi( 7 clo is desciibcd in tlio time between two infeiioi con) mic- 
tions of tho planet^ and the deferent is described in the tune of 
tho caith’s 1 evolution about the sun It is easy to see that such 
a combination of motions will lopicsent tho motion of the pla- 
net At V tlie motion of the planet being towaids and that 
of tho epicycle lowaids the foiincr motion about IS exceed- 
ing the laltov^ the planet al^peavs lotiogrndo when seen fiom E. 
But tt will leadily appeal generally, llmt the angulai distance 
of tho planet horn tlie sun is always lightly ropicsontcd in this 
system, and thoicfoio the apparent motion of the planet When 
D has moved to D', lot V' be the place of the planet Pro- 
duce ED to and S' will be the place of tlie sim j bectuiso 
the time of describing the doforont is tho same os the period of 
tho sun’s motion Tho angle V'D'E will answer to tho angle 
gaiiiod by tho planet on the earth in Ailt 97> and Eig 14 
TIonco if the laduis of tho dcfcient , radius of epicycle * • SE * 
SP (Pig 14) : : distance of earth from sun : distance of planet 
fioin sun 111 the liuo system ; the tiiangle EV'D' will l)c always 
c(piuuigulai to tho limngle ESP; and tliorefoio as we have 
shown that tlio angle SEP rightly icpiosenis the elongation of 
I he planet fiom the sun, S'EV' will also rightly lopicsent tlio 
elongation, and Ihorcfoio this system will lightly lopiescnl the 
mption of the inforioi planets. 

118. The motions of tho suponor planets wore supposed to 
be in epicycles, each described m tlxo time between two conjunc- 
tions or oppositions ; but tho dofcrcnls were described in tho 
same times as tlic planets i evolve round tho sun in tho true sys- 
tem, that is, tho epicycle of Satin n was described in 378 days, 
mid tho doforont in 29^ ycais. Lot DD^ (Pig 20) bo tlio do- 
feicnt of a superior planet, M tlio planet in opposition, the sun 
being at S. When tho centio of tho epicycle is at D', lot M' 
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be the place of the planet anrl S' that of the sun, pioduce E 
to P Then M^DE will answer to the angle gaiiicfl by the 
earth on planet in Art lOl^andFig 16, biitS'ES — DED'=: 
angle gainocl, because the deferent is described in the ])oi iodic 
tni\e of the jilanet Hence M'D'E = S'ES — PES := I^ES' ♦ 
theiefoieD'M' and S'E aiepaiallel, and consequently M'ES':== 
D'M'E But if the radius of the epicycle laduis of the do- 
fciont SE SN (I^ig« 16) distance ot earth ftoin sun * 
distance of planet fiom sun in true system j the tiianglc 15DW 
will be always oquiangiilai to SEN (Fig 10) Idonco D'M'B, 
and theiefoie S'EM'will always shew the tme angulai distance 
of the sun Aom the planet, and so the motions of the supcilor 
planets will be ughlly lepieaeiited 

119 Theie aie some cncumstanccs in the Ptolemaic system 
that ought natiiially to have led to the tuie system The for- 
mei detoimincs nothing with lespcct to the distances of the pla- 
nets fiom the eaithj it only lequires that the propoiiion of Iho 
ladii of the dcfeient and epicycle be such as to icprosent tlio 
motion for each planet The distances therefoie aic aibitiary. 
If wo take the ladiiis of the deferent of an inferior planet equal 
to the ladms of the sim*s oibit, wo immediately have tlie inferior 
planets i evolving round the sun, while the sun is emued round 
the eaith* according to the repoited system of the Egyptians. 
This simplification of the Ptolemaic system with lespoct to the 
inferioi planets is so obvious, that we may suppose it soon oc- 
cui red without any lefeience to the Egyptian system, and to have 
been the first advance toward the true system Wo know it is 
mentioned by Martianus Capella, who appeals to have lived m 
the fifth centui|^ and by otheis long before the time of Coper- 
nicus If we the radius of the defei ent of a superioi pla- 
net equal to the planet’s tuie distance Aom the sun, the raduia 
of tlie epicycle foi each planet will be the eai tlf s distance fi om 
the sun This sti Iking circumstance might liave led Coporm- 
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CMS to simplify the sy&tcm, by giving ei motion to the cnith^ liy 
wlucli one ciiclo is made to aeivc llio pm pose of soveial (*qual 
ones 

120 Althoiigli tlic Ptolemaic system explains (lie geneml 
appeal ances with much simplicity^ yet vvlien it wns applied to 
explain those appearances which aiiso fiom tlie inclination of 
ho orbits to tlie ecliptic, tiom the eccentricities and the uno- 
|iml motions in those orbits, the intiodiiction of other circles 
losldc the defoicui and epicycle being nccossaiy, flic system be- 
came voiy complex, and much ingonmty and mathematical sa- 
gacity weio shewn m adapting it to diflcicnl circumstances 
lad tlio instiumonts now in use then existed, a \ory few obsor- 
ations would have been siiflicient to have completely over- 
'irown all those spoculotions But tlio state of instruments and 
f observations was suclun the tunc of Copcrnicub, after whom 
10 true system has justly boon named, that ho could use scarcely 
iiy mguments in suppoU of Ins system but what lie derived 
om itb simplicity It was only a short time befoie his death, 

I 1543, at the age of 71, he vciitiiied to projioso liis system to 
0 world, in his w^oik entitled Revolulionibus Orbium,” 
ter having meditated upon it abo^o 30 yetus It docs not 
cm to have made muoli impiession (ill above half a ccniiuy 
Leij when Galileo, aideclby Ins telescope, was enabled to bung 
3st powerful arguments in favour of it. JIis observation of 
0 gibbosity of Venus was decisive lu favom of die motion of 
mus about the sum Had the motion of Venus been accord- 
r to tlio Ptolemaic system, it must always liavc appeared in a 
cscopo as a crescent 

121. The ancients observing that the planote moved faster 
slower accoidmg to (he place of the ecliptic they wore in, 
en in opposition, or near conjunction, named this ihe Jmt 
quality Thoretiograde, slationaiy, and diioct apjicaianccjs 
y called Iho second inequahfy Copernicus, who conceived 

G 
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tliat the celestial motions were necessaiily perfoiined in ciiclcs, 
was obliged to letein epicycles to explain the first inequality 
122. Althoiigli theie was nothing in the Ptolemaic system, 
that could pioperly lead to the knowledge of the actiinl distances 
of the planets fiom the eailh , yet as the system appeared very 
imperfect without it, astionomcis substituted an hypothesis lost- 
mg on no foundation* Tliey imagined that the convex boundaiy 
of lliQ space, within which the epicycle of a planet performed 
its motion, was the concave boundaiy of the space belonging to 
the next ; and as they knew, althougli inaccurately, tiio distance 
of the moon, they obtained fiom it the distance of Meiciuy , 
fiom the distance of Mercuiy that of Venus, &c. The dis- 
tances obtained in this way differed extremely, as might be ex 
pected, from the tuitln Till tlieiefoie tlie Copernican system 
was established, nothing whatever was known with respect to 
the actual distances, and consequently the magnitudes, of any of 
the planets But the distances of the sun and moon, although 
veiy macemate, weic deduced fiom just piinciples. 
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ON TIIF SFCONDARY PLANETS AND MOON — ATMOSPHERES OF PLA- 
NErS — KINGS OF SATURN — COMBfS 


123. Four small stais, only visible by the help of telescopes, 
always accompany Jupitei, and mo continually changing then 
positions with i espect to each other and Jupiter. They ai e call- 
ed satellites and secondary planets. Tlic fust satellite is that 
winch elongates itself least fiom Jupitoi, &c. They cleaily 
shew that Jupiter is an opaque body enlightened by the sun } 
foi when they intcrvetio between hjm and the siln, thqy project 
a shadow on his disc They themselves aio also opaque bodies 
illuminated by the sun j for when the planet intei venoa between 
any of them and the sun, they are eclipsed The phenomena 
prove that they i evolve about then priinniy at difroreiit distances 
in orbits neiu'ly circular, while they arc earned logother with 
their primary about the sun. Thoii orbits are inclined to the 
piano of Jupiter’s mbit, as is concluded from the unequal dura- 
tions of the eclipses of tlie same satellite. The fourth satellite 
is sqinetimps in opposition to the sun, without being oclipsed. 
This is owing 'to the inclination of its orbit and great distance 
from Jupiter. Tlio tliird,and fourth satellites disappear and 
lo-appeai on the same stde of Jupiter. Only the beginnings oi* 
the endings of the eclipses of tlie fiist and second satellite qi'e 
visible. 

124. Let S (Fig. 21) be tlicsunj I Jupiter and its shadow; 
A and P the earth before and after the oppositloh of Jupiter ; 

g2 
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sp the jiath of the fiist satellite in the shadow^ At a tangent to 
Jupiter, When the fiist satellite eiiteis the shadow, the appa- 
leut distance of the satellite from the body of Jiipitor is , 
but at its emcision, the line pA always passes tbiough Jupiter, 
andtliercfoie the emeision is invisible; but nftei opposition, the 
caith being at P, the emcision and not the inimeision will be 
visible, The sumo things lake place with lespect to the second 
satcll ite If ????i be the path of the thii d satellite, mA fi cquently 
lies without the body of Jupitei*, and theiefoic both the immei*. 
Sion and cineision aic visible, and the phocnomcim aie very 
stubng, fiom the ciicumstances of the satellite disappearing 
and re-nppeanng at a distance fiom the body of Jupiioi on the 
same side The same may be obseivod with lospcct to the 
fouith satellite Befoie the opposition of Jupitci to the sun, the 
eclipses happen on the west side of Jupiter ; aftei opposition, on 
the cast, Tf the telescope hivei t, the contiaiy takes place, 

125 It has long been suspected, that the satellites of Jiipi- 
loi revolve on their axes, and lately Di Horschcl has obseivod 
that each of them i evolves in the time of its revolution round 
the piimary." Then motions about the primary, and their mo- 
tions about their axes, ai c from west to cast 

126 Their distances in semi-diametcis of Jupiter, and their 


iodic times 

are peaily ns 

follow : 



Sat DIst 

Per 

Sat 

Diflt 

“ Per 

I - 6 

- P18’' 

III 

- 14 - 


11 - 9 

- 3-' IS" 

IV 

- 26 - 

16^ 


They must be very magnificent objects to the inhabitants of 
Jupitci, The fiist satellite appears to them witli a disc four 
tunes gieater than that of oui moon appeals to us, and goes 
thioiigh all the changes of oui moon in the short space of 42 


» Plill, Tiaiw, 1797, page 332 
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houis^ Within that period being itself eclipsed^ and causing an 
eclipse of the sun on the suiface of Juintoi 

127 The Older of their magnitudes is 3‘b 4% 1*^ ac- 
cording to Di Hcrschol* Tlicii masses^ that of the cailh be- 
ing 1000^ and theiofore of the moon 14^ aie 


Sit 

Muss 

Silt 

Ma&fi 

»I . 

. 5 

Til - 

- 27 

11 - 

- 7 

IV - 

- 13 


123 The satellites of Jnpitei, at thou gicatesi elongations, 
appear neaily m the dhcction of the cqiiatoi of Jupiter, hccaubo 
the cqiiatoi of Jupiter and the oibits of the satollltos aro inclined 
at small angles, to the plane of Jupitoi's oibit Tho direction 
of Jupitci’s equator is marked liy the bells of Jupitei, which arc 
faint shades, paiallcl to each othei, on the body of Jiipitci, and 
which ficquently undeigo such changes, that they have been 
supposed to be someivhat of the nalnie of clouds in Ins atmos- 
pheic j but, fiom some unknoivn cause, more permanent than 
onv clouds. 

129 Galileo discovered the four satellites of Juintcr, Jan 
7, 1610. This, which miglit nniuinlly have been a soiuco of 
delight, was at fiist a subject of disappointment IIo supposed 
them to be* fixed stars, and found, looking at them on tho next 
night, that Jupiter was to tho eastwaid of them, whence he con- 
cluded the motion of Jupitei diiocl , whorous, accoiding to the 
Copeinlcan system, it ought then to have been rotrogiade , but 
ho soon dlscoveied that the motion was in what ho look for fixed 
stars, and announcod his discoveiy to the woild Ilauiot also 
appears to have discovered them about the same Unio that Ga- 
lileo did 


^ Those masses tuc according lo the detcimlimtion ofM. Lu Clace, (Mecan. Oq> 
lest tom p 120) II has been tliought liglit to mention Ihoii masses, as ^vcll m 
some othoi piirliculais of tho satoihles, althougli they i'G(][uflc investigations that 
could not properly be staled heie. 




UniJNlS ASIUONOMY. 


Hi] 


[cilXV VIII 


This (liscovoiy was veiy impoiittui in i\h consequences It 
rumished, as wo sliall soe^ a leacly molliocl of finding the longi- 
tude of places hy inoiUis of the eclipses of the satellites that so 
iVecpiontly tale place This made the eclipses be paiticuhnly 
attended to, winch led lloomev to discovci that the transmis- 
sion of light is not instantaneous ; and this loci Bindley to ac- 
count foi u small apparent motion of llio fiKod stars, called the 
ahenulion of liglil, which lias An nisliod an mclopendent proof 
of the motion of the enith, as siiong as that liom physical con- 
sideiations» 

1110 Saturn has seven satellites revolving about him in oibiU 
nearly ciiculiu Of which the sixth is seen without much chfifi- 
cuUy, and was called the Ilnygoniun satelhtej fiom having been 
discovoied by Huygens Tlio 3d, 4th, 5th, and 7lh wcio after- 
ward discovci od, l)i, Iloisohel discovered the fust and se- 
cond. 

It has long lieen sujiposod that the 7th (lin’ineily the 5th) 
sutellile 1 evolved on its axm m the time of its lovoliilion lound 
Satin n 'Phis has been oonfiuned by Iho observations of Di. 
TIerseliel These salcUiles, except the siKih, rcquiic a very 
good teleseu])e to icndoi them visible. On which account they 
Imvo been nuich hbs attended to than the satellites of Jupiter. 
The distances Irom >Sutiirn m soini-diamolcrsof SiUurn, and pe- 
1 iodic limes, aie ncaily as follow * 


Sul 

Dial 

I’Ol 

SnI 

Diat. 

I’er. 

[ - 

52,8 - 

. 0'>5252'‘ 

V - 

8,7 - 

■ 4" 12" 

u - 

8, .'3 ■ 

. 1-' 8'- 

VI - 
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. 15" 22" 

in - 

-1,8 . 

. 1‘'521'' 

vn - 

59,1 . 

- 79" 7" 

[V - 

(»,3 . 

- 52" 17" 





131. Dr Ilorscliol long ago dibcuveiod two Hatollitos to the 
Oeorgium Sidus. Their orbits are nearly pcrpondiculai to the 
orbit of their piimary, Ho has since observed four otheis. 

'Pile relation of the periodic tunes, and dUtmicos of ilio sa*' 
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telliloh liom Uicii pummy, holds ni nil the socoiidmics of each 
planet lespectivoly 

132 Next to the sun, the most inteicsliiig to us, of all the 
celestial bodies, is oxu own satellite, Iho moon. It aiipaiently 
dosculies,by a motion fiom west to cast, on fhc concave smfaco 
ol the celestial s))heic, a great cnclc nearly, intoisecting iho 
ecliptic at an angle of about 5®, This appaioiit motion is ex- 
plained by n leal motion round the caitli, in an orlnt inclined to 
tliat of the eaitli, atnn angle ofS^ The pci iodic time, or time of 
rctuin to the same point ot the concave sin face, oi tlic same fixed 
siui, IS 27 ch 7 h. 43 m. The variation of diainolei shews the 
vmiation of distance is gicatei than tlic \aiiatioii of the sun’s 
distance. Tlic giealest diamotei is 33'^, least and the 
mean 31^^ Tlio moon is earned with iho eaith m its annual 
motion lound the sun This necessarily follows, if the motion 
of the eaith bo gi anted, and is ivell illustrated by the motion of 
the satellites of Jupitoi and Satin n The appaionl motion oI‘ 

the moon on the celestial concave sinfaco vuiles considerably 
from its mean quantity, and its vai latlons seem voiy irieguki 
Its gieatest hourly motion in its great cnclc is 33' 40'', its least 
27', mean 32' 50" , so that in its mean quantity it moves over an 
arch equal to its ajipaiont diamclei in about an bom 

133. The Intel sections of its a])paroni patli with the eolijitic, 
01 the intci sections of its oibit and the earth’s oibit, called its 
nodes^ are not fixed, but move backward, completing a i evolu- 
tion m 0798 days == 18 years 228 days Tf we conceive then, 
n great circle inclined to the ecliptic, at an angle of 5 degieos, 
and ii body moving in this ciicle at the rate of about 33' in an 
houi, while the circle itself is earned backwaid with a slow mo- 
tion of 8" an hour, the path of this body on the concave suilhco 
will in some measure rcpieseiit the path of the moon The more 
accuiato considerations of the luiiai motions will be lesiimctl 
lioroaftcr The full invcsligutiou of the motions of the moon is 
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one of the most inti icatc, and, conneeled with finding the lon- 
gitude at sea, one of the most useful problems in astionomy* 
Poihaps in no instance has modern science leaped so much cie- 
dii us fioni the success that has followed the attempt to com- 
pletely devolopo the lunar motions 

134 1 ho phases of the moon arc pailiciilaily interesting , 
tlioy pnive the moon to be a spliorical body illumined by the 
sun, When m conjunction with the sun, the moon is invisible : 
wlicn, moving fiom the sun toward the cast, it is fust visible, it is 
called the new moon, and appeals a crescent • when 90 degiees 
Irom the sun it is halved, when more distant it is gibbons, and 
when in opposition, it shines with a full face ; approaching tlio 
sun to wind the east, it becomes again gibbous, then halved, and 
lastly a descent, after which it disappcais, from the supeiior 
lustre of the sun, and the smallness of the illumined part which 
IS turned toward the eaith 

1.15. The enlightened ])ait vuiies neaily as the veised sine 
ol the angle of elongation fiom ihe sun It is piovcd in the 
same nimmer^asfoi the planets, that the enlightened pail vanes 
us llic versed sine of the ex.tonor angle al the moon, But, this 
estoiior angle is equal to the angle of elongation + angle sub- 
tended at the sun by the cailh and moon The latter angle ne- 
ver umomUs to 10', and thercfoie is inconsideiablc, 

130, The time between two conjunctions or two oppo*sitions 
culled a bmalion, and synochc months is greater than tlie lime 
of a revolution lu the mbit, oi the lime of loi urn to the same 
Iked star. Because, when the luttoi time is completed, the 
moon hns fo move a farlher spuic to oveitako the sun 

Lot Sr=;peuod of sun’s apjiaicnt motion about the earth, 

P == peiiod of moon’s motion about the earth 


All, 107 mul 10« 
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L = peiiod between conjunction and conjunction, or of 
u lunation 

Then S . P » 4 right angles angle dosciibed by sun in the 
moon’s pel iodic time = angle gained by llic moon in the time 
L — 1^ 


But the angles gamed by the moon are as tlic tunes of gain- 
ing them Theicfoic, 

4 light angles » angle gamed by moon in time L — P . i L : 


L — P. Hence 


»SiP ‘L^L— PoiS‘L* P.L — PoiS.S + L.* 


I* : L, thoicfoie 


p „ SXIi _ aOS, 25X20, 53 
^ “ S+n ^ 301,78 


=2 27 duys^ 7 houis. 


40 minutes nearly. 

137» In 19 solai yeais of 365{ days, tlieio arc 235 luna- 
tions and 1 houi Theicforc, considoiing only the mean mo- 
tion, at the end of 10 years, the full moons fall again upon the 
same days of the month, and only one hour sooner. Tins is 
called the Metonic Cycle, fiom Moton, who published it nt the 
Olympic Games, m the year 433 B C. This peiiocl of 19 ycais 
has been always in much estimation for its use in foimmg Iho 
calendar, and from that cii cumstunco, the immbcrs of tins 
cycle have been called the golden numbers 

138. The cause of the appearance of the wholo moon, ob- 
served a fovv days befoie and aftci the now moon, is the roflec- 
tion of light from the euitli. When the moon becomes consU 


® Or tliwa j — The separation In tho unit of time Is — 21^, it Is also I 

hence wo have J- — JL =rs L nnd ihcvofoi'c P ^ v/ ' i't quuntlty L heie usod 
P S L S+I-i 

may be computed ns follows , lei the mean dally nnollons of the suw and moon about 
the earth be a ami ft, then In Iho time L the sopnmilon will bo L , (6— a) = SCO", 

thcrcfoio — I5a. 

ft— « 
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deuil)ly elongated fiom the sunj it is then out of the way of this 
reflection. This phaenomciion aflbich a icmaikablc proofs lluii 
of two objects of the same magnitude, the brighter object ap- 
jjeais laigci, 

130 One of the oailiest attempts upon lecoid to discover 
the distance oftho sun from the caith, was fiom obseiving nhcii 
the moon was exactly lialvcd oi dichotoraiscch At that time 
llio angle at the moon, foimcd by lines diawn from the moon to 
tile sun and enith, is exactly a light angle , thciefovc if the elon- 
gation of the moon from the sun bo exactly observed, ibo dis- 
tance of the siin fiom the eaitb will be had, that of the moon 
lionig knonn, by the solution of n light angled tiiaiigle, that is, 
sun’s disiancc . moon’s distance • lad cos moon’s olongutioin 
The luiccitainty in ob&civnig when the moon was exactly dicho- 
tomised, icndeicd this method of little value to ilic ancients 
HovYevoi,by the assistance of miciomctcis, it may be poifoinied 
witli considcinblc accuracy Voiidclinus, obsci vlng at Majoica, 
the cliinaie of which is well adapted to observation, doterimncd, 
111 IGSO, the sun’s distance, by this method, vciy considerably 
nearci thnn had been done at that time by any other mcthoch 

This method is particuluily worthy of attention, being the 
flisl nilempt foi the solution oftho impoilant problem of finding 
the sun’.s distance It was used by Ausiaiohus of Samos, who 
observed at Alcxnndiia, about 280 years before the commence- 
ment of the chiisimn ana 

IdO. Viewing Iho moon with a telescope, several ciuioiis 
phenomena ofler themselves Groat vauety is oxliibitcd on her 
disc. There aie .spots diflciing veiy considcuibly in degiccs of 
biightiicss Some aio almost dmk Many of tlic daik spols 
must necossarily bo excavations on the smlaco or valleys botvveou 
monniams, fiom the ciicumsUuiccs of^the shades of light wlucli 
they exhibit Tlioio is no reason to su]>posc tbai tlieio is any 
large collection of water m the moon, for if there wcio, when 
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the boundary of light and dailuicss passes tUiough it, it must 
nccessiuily exhibit a legular ciuvc, which is iievei obseivcch 
The non-exiatencc of huge collections of wdtoi is also probable 
irom the ciicumstance of no cliaiigos being obseivccl on hoi sui- 
fttoe, such ns would be pioduced by vapoiub or clouds ; foi, al- 
though, as will be remnihed, the atmospheie of the moon is 
coinpaiativcly of small extent, yet it is piobable that an atmos- 
phere does exist 

141. Thatthcio aie hinm mountains is stukingly appaioni, 
by a vancty of bright detached spots almost always to lie seen 
on the daik part, near the sepaiation of light and duikne&s. 

These aie tops of emnicncos enlightened by the sun, while 
thoii lowci paitsaiein duikncss, But sometimes light spots 
have been scon at such a chstnncc from the hiighi part, that 
they could not auso fioin the light of the sun Di\ Ileibcliel 
has pavticiilmly noticed such at two or three diffcient times* 
These he sujiposes aic volcanoes lie inoasurcd the cliamcloi 
of one, and found it=:3^ winch answeis to four miles on tho 
surface of tho moon 

142. The heights of lunar mountains may bo asceitainod by 
measunng with a miciometcr the distance between tho top of 
the mountain, at tho instant it fust bccoinoa illuminaicd, and the 
Clide of light and daikness This measurement is to be maclo 
in a direction perpendicular to the line, joining tho cxlieimties 
of the horns 

Lot ADB (Fig, 22) bo tho circle of light and daikness, T 
the top of a mountain just illummod by the ray DT coming in 
a diiection peipendiciilar to the piano of the circle ADB, and 
being a tangent to tho surface at D Let S be at the suiface, 
or the bottom of tho mountain, and C Uio contie of the moon ; 
then (by Euclid, 3 B. 36 ) TS (TS + 2CS) := DT* ci, TS 
ing very small compared with CS,TS X 2 CS = DT*, or TSas 
DT* 

9 ^ Wo cannot measure DT directly, because wo observe 
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only the pi ejection ofDT on the plane of the ciiclo of 

AOB Now DT is perpendicular to Ihc piano of (ho cir<*l< 

ADB, and theiefoic makes an angle with the plane of (In* i'* 

cle of vision — the complement of the spliciical angle ()A 

Thercfoic DT obseived = DT X sine OAB ir: DT X 

the angle of elongation of the moon fiom the sun Hence 1 )'l' - * 

DT obseived . - (DTobsci 

i and consequently Tb = piWcrrr — r 

sill, eloiig ^ ^ 2CS X sm.* 

Old wiiteis on astionomy, when mentioning this pn>bk*>'> 
have not considered that the piojection of DT was only iiu*'*' 
siiied, and not DT itself, as has been lemaiked by Di. 
scliel. Tlion methods theiefoic only held when the moon 
elongated 90^^ fiom the sun 

a Arl, 136 

^ RicdoUis mciUionstlml, on thcfouith day nltci new moon, lie obscivtd 
of tlic hill, culloil Si Calheiine^s, to be ilinmiualcd, and llint U was dl slant Ikhii * In 
confines of tlie lucid about a sixtoenlh of Ihc moon's diamotci. llciut* r*>i 
puling according to his method, that Is, supposing D'f itself puU of lla» 
diamelci, and calling the moon's diametci unity, 

TS ssr ^ X of the moon’s duimetei, and aa tlio moon’s dlamoOti 

2000 miles neaily, TS = ^ = 8 miles neaily, the height of St CntUoiiiio'«nrri 
ing to lUcciolus but on the lourth ilny after new moon, the moon could iioi |m i 

tliei elongated from the sun than 48® Therefore TS could not bo loss than ^ 

aiii » 4 

g 

^ — nemly But Inter as tronomcis are not inclined lo rilluw f*r s-i 

great an elevatl6ii to any of the limai mountains. Di Ilcrachel invcailgattil ili^ 
heights ot a groat many , and he thinks that, a few excepted, they gonciaU) itu 
exceed half a mile But thcie seems to he little doubt that (hoic are monnlttlnssj- *t 9 \ 
the surfaLQ of the moon, which much excoed those on the suifnco of om oai i\u t «* k « 
mg into consideration the relative magnltiulcs of the moon and eai th. M Sphn?<^| -p i 
dcteiminod the height of one, called Leibnitz, to be 26,000 feet, whojciis llio In 
of Chnnboiazo is not 20,000 feet so that, taking Into conslderntlou the ivUt^x*^ 
magultudes of the eaitli and moon, this liiiini moimtam will bo flvo ilims hijnliv ^ 
than any of tlic terrestrial mountains. 


vod)^ 

clonic 
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143 1 1 IS not the least i emarknblc circumstance of the moon^ 
that it always exhibits nearly the same face to us We always 
observe ncaily the same spots^ and that they aic always neaily 
in the same position with lespcet to the edge of the moon 
Theicfore as we aio ceitain of the motion of the moon round the 
eaithj we conchido that the moon must i evolve on an axisnemly 
perpendicular to the plane of hoi oibit, in the same time that 
she moves lound the earth, viz m 27^ days This must neces- 
saiily take place in ordei that the same face may he conlniiially 
turned towaicl the earth duung a whole revolution m hei orbit 
The motion of the moon in her oibit is not equable, theiefoie if 
the rotation on hci axis bo equable, theie must be jiaits in her 
eastern and western edges, which aio only occasionally seen 
Those changes, called hei libmtion in longitude ^ aio found to 
be such as agiec with an equable motion of rotation* Tlioio 
aio parts about her polos only occnsionally visible. This, called 
her lihation m latitude^ arises fiom her axis being constantly 
inclined to the plane of hoi orbit, in an angle of 86^* A dim - 
nal libmtion also takes place j at using, a paifc of the western 
edge IS scon, that is invisible at setting, and the contiary takes 
place With icspcct to the eastern edge Tins is occasioned by 
the cliango of place in the speclatoi, occasioned by the eailVs 
rotation 

] 44 A few I emarks may bo heio made concerning the rising 
and setting of the moon, at diflfeieni seasons, and of some other 
cilcumstances of moondight, 

The rising and setting of the moon is most interesting at and 
neai full moon. At full moon, it is in or noai that pait of the 
ecliptic, opposite to the sun Hence at full moon, at midsum- 
mer, it is in or near the most southern pait of the ecliptic, and 
consequently appears but foi a shoit time above the horizon j 
and so there is little moonJight in summoi, when it would be 
useless, In mid-wmtei, at full, it is near or m the nortlieimnost 
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part of tliG ecliptic^ and theiefore lenmins long above the hoii- 
zon, and the quantity of moonJight is then gieatest when it is 
most wanted , and this is the moie stuldng, the neaier the place 
IS to the noith pole. Theio, at mid-wmtei, the moon does not 
set foi fifteen days togethei, namely^ fiom the fiist to the last 
quaitei 

145 The mooiij hy its motion fiom west to east, nsos later 
every day, but the letarclations of lising are veiy unequal In 
northern latitudes, when the moon is near the venial inici section 
of the ecliptic and equator, oi the beginning of Aiies, the letai- 
dation of using is least, and when neai the beginning of Libia, 
gieatest This will appeal by consideiing that whenAiIes is 
^ using, the part of the ecliptic below the hoiizon makes the least 
angle with the hoiizon, and when Libia is using, the gieatest ^ 


“ To explain llnsmore fully, let IF CII (Fig 23) repicsent a poition ot tbclioii- 
zon, CL a portion of tlie ecliptic when the hegmnmg of Aries is at C, anti OMN a 
portion of the equator Suppose the moon to rise at C on one night, then aftei a 
revolution of the concave suiface, the circles will come again into the same position 
with respect to the hoiizon, hut the moon will liave advanced, siipposo to L (in tiiis 
Uhialration we consider the moon as moving m the ecliptic), Let HL be a parallel 
to the equator, then on the second night the moon will rise nearly at II, and there- 
fore HM and LN being secondaries to the equator, MN + 23li 50"’ or CN — * CM + 
23*’ 66"’ will be the interval elapsed between two successive risings, If CV bo a 
portion of the ecliptic when the moon m Libra is rising, and 1/ the pinto of the 
moon on the second night, then will be nearly the jdacc of its using, and the in- 
terval will bo M^N*^23’' 56™ 01 CN-p CM^-{-23'’ 56*" It will icadily appear that 
CAF :=CM, because LN s= L'N nearly Hence the letardallon, when tho moon 
rises in Libra, is greatei than the letardatiou nhen the moon is In Aries, by 2CM 
leducedto tune It Is easy to see that these are the two extremes of retardation. 
The angle lOK = obliquity of the ecliptic, and IFCM' nCM zr compl of Lab 

Hcncc by spherical trigonometry, 

sme LN (IIM) sino ob ccl X sme CL 

= Q08 ob ecL X tan, CL 

tan. lat X tan 
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146 The variation of the ictardntion of iising, nccording aw 
Uo moon is in oi near different paits of the ecliptic^ being nn- 
loisioodjthe explanation of the hai vest 7 noo?i is veiy easy. 

At tho full moon noaiest the autumnal equinox the moon h 
obsoivod to use nearly at sunscb for several nights togetheu 
This moouj for its uses in lengtliemng tho clay^ at a lime when 
1 contimmnco of light is most desirable to assist llio husbandman 
111 sccuiing tho fuuts of his agiicultuial labours^ is called the 
ha) vest moon 

The moouj^ at full, being near the part of tlic ecliptic, oppo- 
site to the sun, and at the autumnal equinox tho sun being in 
Libia, consequently the moon must be then noai Auos, when, 
from wliat has been stated, the retardation of her rising only 
amounts to a few mmulos i and ns tho moon at full always uses 
nl sunset, the cause of the whole phenomenon is apparent Tii 


Now Cn in its menu quantity ts about 12®, and theicfoio for iat, 03®, 23^ we aliali 
Hud by actual computation, 

CN ==2 uo 2 ^ 1 ON — CM 5=3 4® 38^01 in time =:: IS®' 32“ 

C! M = 8 2 1 J„nii CN -h CM = l?o 28' ot In time 18 O"' 4 1" 

llcnto the inteivul between the ilaing of tho moon on two diflbrcnt nights, when 
m Aiics s =3 23^‘ 56®' -plSJ®’ s=3 24*‘ MJ"‘neiuly, and the retardiillou is only Uy, 
When the moon rises in Libia, thcinteival is 23*' 5C®‘-b P' D^'® c=: 25*' 6]®', and 
tlic retaidation is P' 6^®‘ 

This difibicntG is stili greatei , tlic nearer we approach tiic Aictlc circle, and there 
tho rotaulntion of Using, when in Aiics, becomes smallci, for then IlCN (the 
comp of int ) appioachea to equality with LCN, the obliquity of the ecliptic , ami 
Oiciofoie tho points 11 and L appionch oncli othei, and consequently htN becomes 
8 mailer t At the Arctic circle Itself, the ecliptic coincides with the hoil^ion, when 
Aries is lislug, and MN vanibhes, and theicforc tho intoivnl between two succcs- 
BJVG risings is only 23*' 50®‘ So that thcic the moon actually rises four mlnutcb 
Goonci 

• This cllhctwill bo Incieasod Lorn tho inUlimtlon of the moon *8 orbit to tho 
pcliptic, when the ascending node is between Capricorn and Cancer, and doereasod, 
ivhon between Cancer and Capiicorn, 
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l^laces notu the Aictic ciicle the pliieiiomenon is still moie 
stuking, and theie it is of gieatei use, wheie the changes of 
seasons aie much move lapid. 

ON THE ATMOSPIIEttES OP THE PLANEFS AND MOON. 

147 In tracing onalogies between the planet on whicli we 
live and the other planets, wo naiuially enqune icspcctiug theii 
atmospheies The atmospheie which simounds the cnith has 
such vauons and impoi taut uses, that we can hardly suppose the 
planets destitute of an element, of which wo know not whether 
the simplicity of consti action, oi the complicated advantages of 
it, are most to be admiied. 

Wo can asceitain that Venus, Mnrs, and Jiipitei aiosur- 
lounded by tinnsparont fluids, which icflcct and transmit light, 
and are thercfoie, accoidmg to much probability, of the same 
nature as oui atmosphere 

The spots and belts of J iipiier are not exactly stationary on 
his disc, but arc observed to nndeigo clumges and small mo- 
tions similar to what would be observed, floin a dislaucc, of the 
clouds of our atmosphoioj whence they me supposed to bo 
clouds in his atinospheio; fiom some cause unknown to us, 
moro peimanent than any of the clouds of tho eaith. Fiom ob- 
sciving the revolutions of some spots at diflbrent times. Dr. 
Ileischel has discoveicd a diflercnco yeiy similar to what would 
nnse, did monsoons take place in tho ntmosphoro of Jupiter, as 
tliey do in that of tlio earth. 

Appearances in Mars strongly indicate the existence of an 
atmospheie, A small star, hid by Mars, was observed to be- 
come very fmni before its appulse to the body of Mars. 

But the existence of an atmosphere about Venus, us dense, 
or piobably densci than that of thocuiUi, seems to be put be- 
yond all doubt, by the observations of M. Schroeter* Ho, for 
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a soues of youis^ observed Venus witli gieat altcntiou with le- 
fleeting telescopes of Ins ovvii and of Dr, Heiscliers making, 
and also with achiomatic telescopes 

Tho^ lesults of his observations aie^ that Venus lovolves on 
an axis, in 23’^ 21*^^ , has mouulams hko the caith, and enjoys a 
Iwiliglit, lie, in seveial favourable circumstances, when Venus 
was seen a thin ciescent,ineasuied theoxtonsion of light beyond 
the semicircle of the cicscont, and found it to bo such, that tho 
observed zone of Venus, illuminated by twdight, must have been 
at least foui degrees in bicadtln Now for the twilight to be 
seen by us thiough the atmosphere of Venus and our own^ ex- 
tending thiough such an inch, makes it veiy piobalile that tho 
inhabitants of Venus enjoy a longei twilight than those of tlio 
earth, and that hei atmosphere is densei 

148, The existence of an atmospheie in some of the planets 
being ascei tamed, we are led to make iiiquny with lespoct to the 
satellites Wc can have little hopes of being able to ascei lain 
the point, except in our own satellite, tho moon* 

Many astronomeis formeily denied tho existence of an at- 
mosphoio at the moon ; principally, from observing no vaiiation 
of appeal anco on llic smface, like wlmtw'ould lake place, did 
clouds exist as with us * and also, fiom obsciving no change in 
the light of the fixed stars on the appioach of tlie daik edge of 
the moon. The circumstance of there being no clouds, proves 
cither that theio is no atmospheie similar to tliat of our earth, 
or that there are no waters on its suifaco to bo converted into 
vapour : and that of tho lustre of the stars not being changed, 
proves that theio can bo no dense atmospheie But asLiono- 
ineis now seem agreed that an atmosphere docs siu round the 
moon, although of small density when coinpaied to that of our 


»riul, Tiaas 1705 
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(^aitb. M. Sclu’octei Ims observed a small twilight in the mooiij 
s\icli as would arise fioni an atmosplieie capable of leflecting 
the rays at the height of about a mile. 

Had tlio moon an atmospheic of considerable density, it 
would readily be discovered by the duiaiions of the occiiltations 
of tho fixed stais. The duration of an occultation would bo sen- 
sibly less than it ought to bc^ accoidmg to the diameter of tho 
moon. Tho light of the star passing by the moon would he re- 
fracted by tho Umar atmosphere, and lire star lendeied visible 
when actually bolihid the moon ; in tho same mannoi as the le- 
fi action by tho carthN almosphoie enables us to see the celestial 
objects for some minutes aftei they have actually sunk below 
our hoviKon, oi before they have lisen above it Now the du- 
I'alion is cci tainly never lessoned eight seconds of tune, which 
proves that the horizontal icfi action at the moon must be loss'" than 
2^^ which iherofoio shews that if a lunar atmospheic exists, it must 
bo 1000 times raior than the atmosplieie at tho suifaco of tho 
cailh, bccaiiso tho horizontal lefraclion by the caith’s atmos- 
phoi 0 is nearly 2000'^ With such a rare atmosphei e, the lunai 
inhahilauls must bo deprived of many of the advantages wo en- 
joy, from the oxistcncc of our own. Indeed the loss of one ad- 
vantage, that of twilight, is, on account of tho length of then day, 
not of mncli consequence, and from tho apparent luegulautios 
of the lunar surface so much light may boioflocted, that the as- 
sistance ol'tlio atmosphei o to make day-hght, may not be so ne- 
ressnvy as ^vUli us, 

149 The cxistonce of a solar atmospliere is also made pio- 
bablc by some circumstances, oi an atmospheic oxloinal to the 
luminous atmosphere, which, accoidnig to the opinion of many 


“ Toi the fUirntion being Icflacncrt |jy 8", the beginmng of the occiiltntion woulil 
be tctnriUd 1'" of time, (Uuliig which the moon moves ovei of space, 

'Ihltt hccniB to be camcil by luloublc hon/ontal lefraction, If so tho limav afmos- 
phtK laubt be 2000 times uirci ihrtu the teirostUal, Ed. 




lUP VIIl] 


RlNGb or SATURN 


liO 


asilonomeisj coveit> tlic opaque body of the sun BouguMj by 
some cuiious cxponineniSj on llio light of di/Ibicnt points of tho 
disc oftho sinu found the light from the cciitio stiongei tlimi 
fiom the boulcrs, which seems to shew that the light iiom the 
boulcis IS lendeied woukci by an atmospheie 

OF TIIL RINGS OF SATURN 

150 Soon nftei the invention of telescopes^ a romarkable 
appeal mice was obseived about Saturn. Aftei a considoiable 
intci val of time, Huygens having much improved them^ disco- 
^cicd, by caioful observations^ a phenomenon uniquOj ns far as 
wo know, m the solar system. lie found that Saturn is encom- 
passed willi a 1)1 oad thin ring, inclined liy a constant angle of 
about 30® to the plane of Satin n^s oibit; and therefore at ncaily 
the same angle to oiu ecliptic, and so always appearing to us 
obliquely. Whon its edge is turnocl tovvaid us, it is invisible, 
on account of its thinness not reflecting light enough to be visi- 
ble, except in the veiy best telescopes Wlien the piano of the 
nng passes between the omth and sun, it is also invisible, be- 
cause ils enlightened pait is turned fiom us , und when it passes 
iliiough the sun, it is also invisible, the edge being only illumi- 
nated I BO that it may have, in the same year, two disappearances 
and rc-appcarancos. This takes place when Saturn is near the 
nodes of the iing, 

15 L Tho ring is a vory beautiful olijcct, seen in a good to- 
loscope when m its most open state. It then appears elliptical, 
its bieadth being about half its length. Through the space bo 
tween the ring and the body, fixed stars have soinelinies been 
seen The surface of the ring appears inoie bullianl lhan that 
of Saturn lunisclF 

152 xVinong the numerous disco vciios of Dr. Heuschel, 
those he has made witli icapoct io Saturn and lus ring are not 
the least. Ho lias asccrlamod that the ring, which heretofore 
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had genci ally been supposed single, consists of two exactly ni 
the sauie plane, and that these both revolve on their axes* m the 
same time as Sahun, and m the plane of Saturn’s equator. lie 
also saw the ung when it had disappeared to othei observe! s, 
either fiom the lofleclion of the edge, oi from the ckik side en- 
lightened by llie reflection of Satuin, as wo see the whole moon 
neat new moon. He obseives that the ung is veiy thin, com- 
jiaied with its width, its thickness being only about 1000 miles 
The oiitaido diamctci of the laiger ilng is - 200000 


Its width « - . - - G700 

Distance between rings - - - 2800 

Outside dimnetei ofsniallei ling - - 180000 

Its widih « , - - « 19000 


At the mean distance of Saturn, the appaienl diameter of 
the larger ring is 

133 Dr Hevschcl tells us, ho sus])ecls two rings to the 
Geovgiiim Sidus, peipendicular to each othei, but at present 
can only hint at so cm lous a circuttisianco. 

ON COMETS 

154, Comets aio luminous bodies, occaaioiuilly appearing, 
and geneudly in the part of the heavens, not far from the sun. 
They me not so bright as the planets, Imi have somewhat of a 
nebulous appeal ance They do not a)>poar long together , some 
arc seen only for a few days, and those that appeal longest, only 
, for a few months It is probable that they receive their light 

fioin the sun, although this cannot bo exactly proved. In the cli- 
I lection of then motion about the sun, they difTei fiom the plimols, 

I some being dncct, and oilicis ictiogmdc Tlieir paths, with 

I respect to the ecliptic, arc also very diflorent * some move in a 

I ^ ^ ^ 

t It ought to bo noiiced that thlti is doubled hy Umdlngand Siluuolcn Slc 

' Conn dca Tcjnp 1808, p d20 
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ducciiou neaily povpendiculai to il» But the most striking 
phoBnomenon, and what mates them objects of attention to all 
manlundj is the tail of light which they often exhibit When 
appioaching the sini, a nebulous tail of light is seen to issue 
fiom them in a diicction opposite to the sun thls^ aftci having 
inci eased, again dccicascs till it disappcais, Tho stars aio vi- 
sible tlnough it 

155 Very many comets have been lecouled in history, 
tho motions pf at least one lumdied have been computed. It 
may he sufiicieni to obseive heiCj, that they move about tho sim 
in eccenti ic ellipses, the sun being in one of the foci Tho other 
consideiations of then oibits and motions, aio deferred till aftei 
the account of the di&covciies of Kcplei Littlo would have 
been knoivii on this subject but for tlie discovci ies of Kepler and 
Newton ; and allhougli the discoveries of Keplei might by 
analogy have led to a knowledge of tbo motion of comets, yet 
nothing of consequence was done till Newton himself illustrated 
the subject, 

15G, The appearance of one comet has been several times 
recorded in history, viz the comet of 1G80, Tho pei lod of this 
comet is 575 yems It exhibited at Pans a tail 62° long, and at 
Constantinople one of 90°, When nearest tho sun it was only 
^ part of the diameter of the sun distant from his siufaco ; when 
farthest, its distance exceeded 138 times the distance of tho sun 
fiom the earth, 

157. When tho theory of the motion of comets was under- 
stood, Dr. Halley examined the comets that had been previously 
lecordcd in history, and been observed by astronomers In ge- 
neral, he found the ciicumstances so vaguely dchveicd, or the 
observations so inaccurately made, that he wus able to detcr- 
mino with much piobabihty the identity of only one oomot. 
He supposed also that the comets obseivcd m 1532 and 1661 
were the same, and, that theiefoic it might bo expected again 
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in 1789 , but it did not appear llo\vo\er Di Halley wab very 
doubtrul of tben identity, on aecoiiiit of the impeifection of the 
obseivationa of Apmn in 1532 Faitbernotico will be taken of 
tins, when wo mention moie pniticiildily the letimi of comets* 
The comet, winch Di* Halley pi cdicted with a degice of confi- 
clenccj vetunied in 1759 It had been pieviously observed with 
acciuacy, in 1G82 and 1607, and had also been noticed in 1531, 
1456, and 1305 Its letuvn was an%ionsly looked for by astio** 
iiomers, mid some ciuioiis cucu instances attending it will be 
nfteuvavds noticed With wlmt satisfaction it was leceived by 
the scientific pm t of mankind may easily be conceived, and bow 
stukmgly contiastecl with the icception of the same comet m 
1456, when all Em ope beliold it with fear and mnazemont 
ThcTuiksweie then engaged in the successful war, in which they 
destioyedthe Gicek empiie , and Christians in general tlioiight 
then destruction poi tended by its appeal anco We may be 
nearly ceitnin that this comet will le-appear again in 1834 

158 With lespect to the tails of comets, little satisfactoiy 
can be offeied, m lecoiding the vaiious opinions on this subject. 
Accoidmg to Sii Isaac Newton, they aiise fiom a thin vapour, 
sent out from the comet, by the heat of the sun, and supported 
in the solai atmospheie 

This hypothesis has been controveited by soveial authors, 
and very ably by Di Hamilton, late Bishop of O&sory. 

Dr Hamilton supposes the tails of comets, the aw? io- 
lealis^ and tlie elecluc fluid, to be matter of the same kind 
He suppoi ts this opinion by many strong orgnuieiits, wliicli aio 
found 111 his ingenious essay on the subject. According to bis 
hypothesis, it would follow, that the tails are hollow , and there 
IS eveiy leason to suppose this, from the scaieely peiceptiblo di- 
miniiiioii of the lustre of the atais seen through them. He sup- 
poses that the clcctiic matter, which coiitiimally escapes from 
the planets, is bi ought back by the assistance of the comets 
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But much IS yei to be known on this subject ObjecUons 
lUtiy bo maclo to Ins hypothesis^ althoiigb so ingeniously sup- 
ported According to the opinion of ICcploi, the lays of the 
sun cany away some gross parts of the comcb which leHect 
other lays of the sun, and give tho appearance of a tail* 
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CHAPTER IX* 

CONSIDERATIONS ON THE SOLAR SYSTEM AND FIXED STARS. 

159 Many of the principal phoenomena haye now been ex- 
nmincclj and the chief steps gone over, by wliicli we arrive at 
the true ariangoment^ and motions of the bodies, that, on first 
viewing the heavens, me consideied as all placed in the imagi- 
nary concave smface The true motions have been distinguisli- 
ed fiom the apparent, and the magnitudes of the sun, moon, and 
planets have been ascei tamed, as also their situation with res- 
pect to the planet on which we live. This aiiangemenl, that, 
with reference to the Sun, ought strictly to bo called llie Solar, 
IS usually called the Copernican system To give duo honour 
to the memoiy of the chscoveicr, tins name ought to be pio- 
served , but, in letaining it, especial caic should be taken, that 
the name attached may not occasion it to he lanked as a system 
of conjectine It is not a system of hypothesis, but the system 
of iiatme 

160. The next steps m the science arc the considerations of 
those obseivations, by which the motions of the celestial bodies 
may become moie accurately known An acemate knowledge 
of the laws of their motions is iiecessaiy to point out their places 
at any futuie period, and pi edict those phomomena which are a 
soiuce of delight to the leainod, and of fear to the ignorant. 
Long since mankind applied the motions of the celestial bodies 
to assist the sciences of Geography and Navigation. In moie 
modem times it has been found, that the impioved slate of these 
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sciences lequiics a most acciuato knowledge of the places and 
motions of those bodies, This has called the attention of aslro- 
nomei s and matliemalicians to move pai ticulai exertions^ and ^YC^ 
piobably, oivo thereto many most valuable di&coveiics^ which^ 
although not magnificently striking, aie such as the mind must 
dwell upon with iniicli pleasme ; and which, peihaps, without 
the motive of utility, the love of science might not have investi- 
gated* Before we proceed to these paits, let us take a shoit 
levicw of the Solar oi Coperm can system, and of some ciicvim- 
stances connected thciewith, which, if not equally certain, arc 
many of them highly piobable, 

IGL The caith, a splioucal body of vast magnitude, when 
mcasuicd by our ideas, revolves on an axis in 23^^ 56^^, succes- 
sively exposing its clifTcicnt paits to the light and influenco of 
the sun, about which it moves annually in an oibit nearly circu- 
lar, to which its axis is inclined at an angle of GG° 32', and by 
its inclination causing the changes of seasons. It is attended by 
the moon, a sphciical body, the magnitude of which is that of 
the earth, anclwluch, moving loimd the eailh in a month, is earned 
together with it annually about the sun The moon, by affoi ding 
light dining the absence of the sun, and by moving the waters of 
the ocean, is of great utility to the inhabitants of the earth. 
Yet wo must not judge that foi these causes solely the moon 
was Ibrinod : doubtless much weightier causes ho hid in the 
counsels of the Almighty, some of which at a fiitmo day it may 
he permitted to man to know. We peiceivo that in many res- 
pects it diffeis fiom the eaith j it lovolves about its axis in a 
much longer peiiod: it is ncaily destitute of an atmosphere* 
the irrcgukivities of its surface aiomueh greater than those of 
the earth . and piohably it has no fluids on its surface similar 
to oiu own. 

1G2. Bui the pluneU which lovolvo about the sun, we may 
coiibidci as sen mg the same ends in the cieaiion, as our eailh. 
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In them we contemplate the noble spectacle often gieal boclic&, 
1 evolving logetliei with the enithiound tlic sum aichlFeientdis- 
tances^ audm cUffeient peiiocls^ but preserving a ceitain relation 
between their peiiocU and distances* Of these Cores^ Pallas, 
Juno, and Vesta, aie far less than the eailh, but peiform llicii 
revolutions loinid the sun, by piecisely the same laws as the 
other planets ^ Mercury and Mars aie also less than the earth, 
and Venus ncaily equal Jupitei, Saturn, and the Georgium 
Skills Qie considerahly laigei Jupiter has four bodies carried 
with him round the Sun, and, as fai as we can judge, subservient 
to the same ends as oiu moon. Saturn has seven, besides a 
double ling of stupendous dimensions ; of the use of this, our 
limited knowledge will not peimit us to judge ; we can only 
peiceive that it must, by its light, be most giateful to the inha- 
bitants of tlie planet. Tho Georgium Sidiis, so lately pointed 
out to oiu view, although in suifacc sixteen times, and in inag- 
ni tilde sixty- foui times, largei than our cailh, has six satellites 
visible to us and then number will piobahly be inci eased with 
the goodness of our telescopes 


^ The very small magnituilcs of the now planols Ccies ami Pallas, ami their 
nearly equal distances from iho sun, induced Dx Olbcia, \n1io discovered Pallns in 
1802 ncaily in the same place where he had observed Ccies a few months befoic, to 
conjQctiiTc that they weie the fragmenta of a larger planet wlucli had, by some ini- 
laiown cause, been broken in pieces It follow a from the low of Gravity, by which 
the planets aro tctnined in their orbits, that each fiagment \\ovild again, alter ovciy 
1 evolution about the sun, pass nearly thiougli tho place in which the planet was 
when the cataatiophe happened, amlhesulos the orbit of each fiagmeiit would mtci- 
sect the continuation of the lino joining this place and the sun, Thence it was easy 
to ascertain the two particnlai regions of the hoavciis Uiiougli which ull ihcso fiag- 
ments would pass Also hy caiefully noting tho small stars tlicicabout, and examin- 
ing them from lime to tlmo, U might be expected that more of the fingmculs would 
be discovered --'Mi Hauling discovered the pKnet Juno in one of those regions, and 
Dr Olbeis himself also, by carefully examining them fiom time to time, discovered 
Veata 
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1G3 III nil these bodiosj judging liom analogy^ probably 
the same admirable varieties of animate and inanimate beings 
nic exhibited which wo behold on this earth We know that 
sevoial of them i evolve on then a\es^ that their times of revolii- 
lion are not veiy diffcient fiom that of the caith, and that they 
aio surrouiKlod by aimosphcics. Mais and Saturn have neaily 
the same variety of seasons ns the earth* Jupitoi considerably 
loss* Venus has an atmospheio and mountain^ and i evolves on 
an axis. 

Wo have no aigumont against the planets being inhabited by 
rational beings^ and consequently by witnesses of tbo Cieatoi’s 
jiowoij magnificence^ and benevolence, unless it be said that 
some aro mucli nearer the sun than the oaith is, and therefore 
must be uninhabitable from heat, and those moio distant from 
cold. Whatever ohjection lliis may be against their being ui- 
haljitod by rational beings, of an organization similar to thoso 
on the earth, it can have little foice, when urged with lespccl to 
rational beings in gcnciah Bui we may examine, without in- 
dulging loo much m conjecture, whether it bo not possible lha1 
the plancls may be possessed by latioiml beings, and contain 
animals and vogeiablos, even little diffeicnt fiom those with 
which wo are familiar. 

IGJ. On our eaUh the influence of the sun causes the heat 
of summer, and, iiom Us absence, tbo cold of wmlei lakes place i 
but IS the sun the principal cause of the IcmperaUuc of the 
earth ^ Wo have reason to suppose that it is not. The moan 
iemporatuve of the earth, at a small depth fiom the surface, 
scorns constant in summer and in winter, and is probably coeval 
ivilh its first formation. The sun, by its influence, appears only 
to change the toraperatine at its siufacc, whoic heat is accumu-* 
latod on account of the matter of the cai th not suffering a far- 
ther liansmission* this heat disappcuis in a vauety of ways, by 
forming \apour, and so becoming lalont, by being conducted lo 
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llie adjacent bodies^ by coming into contact with cold aii, &c.^ 
so that when tlic sun in winter lemams only for a shoit time 
above the horij^on^ shines tluougli a denser medium, and more 
obliquely, the consumption of heat is gveatei than the supply, 
and tho cold of wintei comes on Wa may also suppose that 
the mattei of heat does not actually pass to us fioin the sun, but 
IS only extricated, asit weic, by his luflucncc fiom substances 
in which it is compounded; for other wise the temperatuio of 
the eaith, eithei at the surface, oi at a small depth fiom il, must 
be continually inci easing, and that increase in a few yeais be- 
come sensible ; since we know of no way foi the heat which as- 
sists vegetation, which unites with fluids, &c. to xiass off fiom 
the eai th again Besides heat seems to exist in a state of com- 
bination m such piofusion, that it leqiuies only to be decom- 
posed to answei every purpose* la it not then unnccessaiy to 
have lecouTse to a continual supply fiom the sun, and may we 
not conceive, with some degiee of piobabihty, tlmtin all tho pla- 
nets of our system, the tempeiatiue may be such as not to be in- 
consistent with 'a creation of animals and vegetables not vciy 
dissimilar to our own ^ And tins, without appearing to limit 
the diveisity of works m the universe, which wc ceitamly are 
not authorized to do, for, wheiever our senses or the deduo- 
tions of leason can reach, we aie sine of finding endless 
vaiiety 

165 At the iilaiiet Meicury, the diiect heat of the sun, or 
powei of causing heat, is six times gi eater than with us If wo 
suppose the mean tempevatinc of Mcicury to be the same as of 
the Gftith, mid die planet to be smTOunded with an atmo'^plicro, 
denser than that of the earth, less capable of transmitting heat, 
or lather the influence of the sun to extucate heal, and at tho 
same time moie readily conducting it to keep up an evenness of 
tcmpeialuro , may we not suppose the planet Mcrcuiy fit for 
the Imbitation of men, and the producUon of vegetables similar 
to our own ^ 
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At Iho Geoigium SicUis^the direct influence oftlio sun is 360 
times less Ilian at the cnith, and the sums there seen imdei an 
angle not much gi eater than that under which we behold Venus^ 
when nearest Yet may not the mean temper atuie of the Geoi- 
gium Sidus be nenily the same as that of the caith ? May not 
its atinosphoic more easily tiansmit the influence of the sun, and 
may not the mattei of heat be moie copiously combined, and 
more veadlly cxiiicated, than with us? Wlience changes of 
seasons similar to our own may take place. Even m the comets 
we may suppose no gioat change of teinpeiatine takes place, as 
wo know of no cause which will deprive them of theii mean 
tempciaturc, and paiticiilaily if we suppose, that on then ap- 
pioacli towards the sun, thcic is a piovision for thou atnios- 
pheics becoming denser. Tlie tails they exhibit, ivhen in the 
neighburhood of the sun, seem m some mcasuie to countenance 
this idea. 

Wo can haidly suppose that the sun, a body throe himdied 
limes larger than all the planets together, was ciealed only to 
picserve the periodic motions, and give light and heat to the 
planets, Many astronomcis have thought that its atmospheie is 
only hinnnoiis, and its body opaque, and piobably of the same 
constitution as the planets. Allowing thcicforc that its lumi- 
nous atmosphere only extricates heat, wc see no leason why the 
sun itself should not bo inhabited. 

ICG. Our knowledge of the fixed stais must bo much moic 
circumscribed than of the planets ^ we can, however, asceitain 
enough to be assured that oui system is a poition of the universe 
most minute indeed The fixed stais, we have scon, aie at im- 
measurable distances from us, at distances compared with which 
the whole solar system is but a ponii. Their diameters aic less 
than wo can measure, yet Ihoir light is moio intense than that of 
the planets. Wo conclude, theiefore, that they are self-shining 
bodies, and, accoiding to a high dogiee of probability, like our 
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snii^ the cGnties of pltinclary systems Admitting this^ the 
multitudes of fixed staiSj that may be discovered with the most 
infenoi telescopes^ shew us an extent of the unueise^ that oiii 
imaguuvtion can scaicoly compichcnd^ but what is evou this^ 
compaiod to the extent that the disco^eues mid conjcctiues of 
Hevschel point out? 

167 We cease to have distinct ideas, when wo enumerato by 
ordinal y measmes the distances of the fixed stais, and wo re- 
quire the aid of other ciicumstanccs to enable us to coniiiieliond 
them. Thus, wo compute that the neaiest of the fixed stars is 
so fai distant, that light will take above a yeai in coming ftom 
tlio stai to the eaith ; that the light of many telescopic stars 
may have been many hundied yeaisin leaching us, and still 
faithci, that, accoidmg to Dr, I-Ieischel, the light of some of the 
nebulm, just perceptible in his foity-feet telescope, has been 
above a million of years on its passage, 

168 We know, from the eclipses of Jupiter’s satellites, that 
the velocity of light is so great, that it takes only about eight 
minutes in tiavelling fiom the sun to the eaitli , while the earth 
itself, moving with its velocity of nineteen miles in a second, 
would take nearly two montlis to pass ovei the same space 
We also know, as will be explained farther on, that the light 
of the fixed stais moves with the same velocity as the lefleclcd 
light of the sun Hence, as we aie ceitain that tho distance of 
the neaiesfc of the fixed stais exceeds 80,000 times the distance 
of tho sun fiom the earth, the distance of the neavost stai is such, 
that light must be above 400 days in passing from it to tho 
eaith. 

169. Tho limit of tho distance of the nearest fixed star may 
be cousideied as well ascertained, but any thing advanced 
with lespect to the distances of the otheis, must be in a man- 
noi conjeotiual. 

The biightei fixed stais have been supposed to be nearer lo 
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US than Uio icst Besides their supeuoi lustre leading to this 
{■onclusion, many of them weic discovered to have small motions 
called p) opo) tnoLmis, that only could bo explained by sup- 
posing them to arise fiom a ical motion in the slais themselves, 
or in the sun and solar system, or fiom a motion compounded 
of both these ciicumslancos. 

Now whichsoever of those suppositions was adopted, it was 
reasonable to suppose, that the cause of the sraallei siais not 
appealing to be alfcotod, could only arise fiom the grcatoi dis- 
tance of those stars. Ilowevci it is now ascei tamed that some 
of the smaller stars apiicni to have pioper motions, much greater 
than those of the bughtest stars. 

'< Hence conclusions deduced from the proper motions of the 
bright stars, respecting the relative distances of those stars must 
loud to weaken conclusions that might bo deduced fiom their 
brightness and apiiaront magnitudes. 

There is a double star of Uie sixth magnitude, the Gist star 
of the constellation of the Swan, which consists of two stars, 
within a few seconds of each other. Both of those stars aio 
' moving neaily at the same late, at the lato of about G" in a year 
It IS likely they are also moving about thou common centre of 
gravity At pioscnt they picsorve neaily the same distance 
from each other This piopcr motion is far grcatoi than has 
been ohscived in any ofthohiighlor stais, oi indeed in any star. 
It might bo supposed, on this account, that these stars (G1 Cygni) 
aio noaior to us than the brighloi stars. To ascertain this point, 
I have made observations of the zenith distances, at the opposite 
seasons, to endeavour to discover any sensible parallax in those 
slais But there appears to be no sensible paiallax. Mr. Bes- 
sel has compared those and some of the neighbouring stars by 
observations on the right ascensions, and found no sensible pa- 
v^illttx. Still the arguments formerly adduced, for the blighter 
fixed stars being ncaTOr to us, are consideiably weakened by tho 
groat propel motions observed in some of the smaller stars. 
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The star 40 Erldam has n pioper motion of about four se- 
conds in a yeai, The annual piopei motion of Aictuuis is 
about two seconds* 

In many of the stars thoio is no piopev motion perceptible- 

Besides the piopov motions^ it has been lemaiked by Di 
Heischcl^that in sovcial instances, the line joining two stars vciy 
near together, changes its position, 

Tins is in some cases e^cplained by a pioper motion in the 
brighter star, in other cases it seems to indicate the i evolution 
of ono star lound another The double stai Castoi is a striking 
instance , duimg the last fifty yoais, the line joining the two stars, 
which aie about five seconds asundci, has had a motion of iota- 
tion at the late of about a degiee in a yem, while the inioival 
between the stais has remained neaily the same. Of the lliice 
circvimsiances which explain tlie appaient motion of a stai, that 
which supposes it to arise fiom a combination of the motion of 
the solai system and of the star is most probable. The sun and 
neaiest fixed stars aie piobably all m motion lound a centre, the 
centic of gravity, perhaps of a nebula, or cluster of stars, o( 
which the sun is one, and the milky way a pail, as Dr. Heischel 
supposes, while this nebula revolves with other uebuloo about a 
common centre, 

170 The direction of the motion of onr system cannot with 
ceitainty be ascertained, because, fioin the whole motion wo ob- 
serve in a fixed stai, we have nothing to help us ni assigning that 
which belongs to the sun. Di Heischel Imspaiticularly consi- 
dered this subject (Phil, Trans. 1805 and 1806), and has con- 
cluded that our sun is moving towards a point m the constella- 
tion Hercules, the declination of which is 40^, and right ascen- 
sion 246^ Ills aiguments aie very ingenious, but there is no- 
cessaiily so much hypothetical in them, that the mind cannot 
feel miicli confidence m his conclusion. That oui system is m 
motion, theie can bo no doubt j the difficulty is to ascertain the 
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piccisc diioction and velocity and fiom tlie circumstances of 
the case, tlieie seems to be little piobability that the knowledge 
will cvei be heio altamed to by man 

Di Ileischel conjectures that the distniiccs of the fixed stais 
are ncaily invcisely as then appaient magnitudes. Fiom thence, 
and a tmm of ingenious reasoning, relative to the faintei>t nebuIcG 
discovciablo ])y his 40 feet telescope, he has concluded tlialihe 
distances of these nebulae are so gieai, that light issuing fioin 
them must have been two millions of ycais in loaclnng the 
eaith. But the lecent discoveries iclativc to the propel motions 
of the smaller fi\od stais must, os has been said, m some men- 
siue weaken the conclusions fonncily adopted icspccling the 
iclative distances of tho fixed stais, Tho discovciics of Dn 
Ileischcl have also made us acquainted with many nebula?, 
which aic not lesolvablo into stais, but appmcntly formed of 
luminous matter, giadually condonsuig, by the principle of uni- 
veisal atti action, into masses, as if nbout to form tho suns of fu- 
tiiie systems Distant ages only can appiecia to those conjec- 
tures. 
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CHAPTER X. 

OBSERVATIONS FOR ASCERTAINING THE DECLINATION — ^DISTANCE 

OF THE POLE FROM ZENITU*r~ODUQUlTY OF ECLIPTIC— RIGHT 

ASCENSION. 

171 Previously to a moic minute statement of the motions 
of lliG celestial bodies^ it will be nccossiuy to give some account 
of the nalme of the piinoipal observations, by which these mo- 
tions aie ascei tamed, and of the instuimeuts liy whicli the obsci- 
vntions aie made 

The most important obseivations, and which admit of the 
gioatest accuracy, mo those foi the declination and light as- 
cension Having obtained the declination and light ascen- 
sion, 01 the position with i aspect to the celestial cqiiatoi, wo can 
by spherical tiigonoinetry obtain the longitude and latitude, ov 
the position with lospect to the ecliptic The laiiUidc and lon- 
gitude of any of tlio bodies ot the solar system, ns they would 
be obscived from the ceulie of the earth, nio called then geo-> 
centuc latitude and longitude 

The tables give the distance of the body fioni tlic sun, and 
its place, as scon from tlio sun, or its helwcenUic lougiludo and 
latitude, from whence wo can compiilo its geocentric latitude 
and longitude, and compaio them with those observed. 

172 Tlio declination of an object is best found by obsorving 
its distance, w^hen on llio meridian, fiom the zenith or fiom the 
horizon Either of theso distances being found, if wo picviously 
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know the distance of tlie polo fiom tlio zenith ot the plncoj we 
find by addition or subtraction tho dihlance of Iho object fioni 
the elevated polo^ and consequently Us dccliiuitum Thus let 
IIKSZPO (Fig ^4) icpiescnt the mendian^ HO tho lioiizon, 
Ej S, Z, 1^ tho places of the equator, object, zonith, and polo ; 
wo observe IIS or SZ in tho way that will ho piesenlly shown ; 
and if we have ZP, wo easily obtain SP, the polni distanco^ or 
ES the declination Tlieio Is an advantage in using the polar 
distance instead oi tho declination, bceause ni the foimci thoio 
is no amhiginty , but when the decimation is used, it is noccs- 
saiy to note whether it be uoitli or soutlu Accoidmgly iiuiny 
astronomers use in then catalogues of stais noitli polni distance 
instead of declination ’ thus, if tho deelinalion bo 20® S. its 
noilh polar distance is 110® 

It must be understood^ that the zenith distance; oi nltiiudo 
obseivod, is to bo coi rooted by refraction, and by some other 
small quantities, as sometimes by parallax^ (to reduce it to what 
would ho ohseived at the cartlfs centre), by aberration of light 
and nutation of the oavlh’s axis, which corrections will be ex- 
plained hoi cafter, and nio usually obtained fioni tables* 

173. The distance of the zenith from tho polo is Ibiind by 
observing tho zenith distance of u star lhal does not so!, when on 
tho meridian nliovo and below the jiolo * ilius let ZR (J*1g 24) 
ho tho zenith distance, corrected ibr refraclion, of a star, whoa 
above the polo, and Zr (he zonitli distance, corrected for refrac- 
tion, when holow the polo , then ZP =: ZR -f RP and ZP n 
Zr — j P = Zr ~ RP. Hence 2ZP ZR + Zr. PO, ns 
wo have seen, (Art 39), is equal to tho latitude of tho place, 
audtheicfoio ZP is the complement of latitude* Hence the 
ohseivations foi ascei taining tho dislanco of ihopole from the 
zemlh, give us tho latitude of llic place of ohsei vation 

By lepeating tins observation for the sumo slui, and for dif- 
ferdfnt siais, a gient maiiv times, the distance of (he polo fioin 
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tjie zenitli may be had with gieat oxaclncss, that is^ with good 
instruments^ to less than a second* This element being once 
$stabhshcdj we me enabled, as stated above, to obtain by obser- 
yation the declination oi polar distance of any celostinl plimno- 
ihenon* It is iiecessaiy in this mode of observation to know 
with some degice of exactness when the object is at the men- 
dmn I this will be explained hcieaftei* 

174* The declination of an object may also bo obtained liy 
Ql;)seivatioii&made out of the meiidian : Thus, if wo observe the 
4lstancG fiom the zenith ZF, and azimuth FZl^, and know ZP^ 
vt'c ohlaiii, by the solution of the sphciical triangle ZPF, PF the 
polai distance * or if ZF be obscived, and wc know ZP and tho 
angle FPZ (known by the distance in time of the body flom 
tlie 11101 idian) wo can compute FP but tho insirmnents, lo- 
to make these double obsci vations, aie too complicated 
in then construction to be used with advantage m making very 
aecinatc obsoi vations ^ to which may be added the inconvenience 
ip computing the eflecls of paiallux and lefraction. Rcfi action 
and pniallax, when the body is in the mcudiaii, only affect tho 
declination, they affect both light ascension and decimation, 
when tho body is not in the meridian* 

175* Thoio is also method of obtaining both tho decima- 
tion and light ascension at the same time, by an insliumeiit cal- 
led an eqiiatoieal mstrumont,“ Although this, when well exe- 
cuted, IS a very valuable instrument, yet being com])licatcd, and 
admitting of less piecisiou fox the declination ilmu the method 
desciibedj it will not bo noccssaiy to dwell upon it hoic It 
may, howovci, bo proper to remark, that sometimes objects of 
faint light, such as comets, pass tho meiidian in day light, and 
cannot ho then observed , for tlieso an cqiiatoreal instrument is 


n 

^ Piofesaor Vince's PmciicM Astronomy Sec also tx description of dfie made foi 
Sir George I5>lmtkburgli» Phil Tiuns 171)3* 
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\ 01 y convenient Avery advanlagcous method of nseeiliiining 
tlio light ascension and decimation of such objects^ is by observ- 
ing, witli a micrometer, the dilToionces of right ascension and 
decimation between the object and a neighboiuing fixed stai , 
the posUion of the latter is pieviously known, ov may be ob- 
served at leisure. 

17G. In computing the longiliide and laiitiulc of nn object, 
fiom knowing its light ascension and declination, we use the ob- 
liquity of the ecliptic The obliquity of the ecliptic is found 
by observing the gi cutest decimation of the sun Tf many do- 
chnatioiis bo observed when the sun is near ilio solstice, each of 
those may by a snmll coriection be reduced to the declination at 
the solstice, and the mean of all taken. The acUaulago of tins 
IS, that llio declination observed within a fmv days of the solstice 
may easily be icdnced to the greatest declination, without know- 
ing with gieat accniaoy the right a&con&ioii of the siin The 
Slimmer solstice is to be prefcuecl to the winter one, on aecouiii 
of rofi action being more unccrlain at lower altitudes. 

177 To a&ceitain the light ascension of an objocl, it is no- 
ccssaiy to find the aicli of the cquatoi inlci copied betwoon the 
fust point of Alios and a secoiidaiy passing through the object ^ 
foi this pin pose wo make use of a poitiou of diuationj called 
sulci caltimo. The whole concave surface i evolves iiniloi inly 
in twenty-four houis of sidereal lime (Art. Id), and any poilioii 
of the equator is mcasuicd by tlio sidereal time elapsed between 
the passages of its' oxtiomilies over the ineiicUan : thus the o\- 
tromitics of mi arch of 15^ pass the men chan at an intoivulof 
one hour. Hence wo conclude, that tho difloicnco of light 
ubceusiou of these cxfromilics is 15® or one hoin so that tho 
right ascension of any object is measured by tho poilion of sicb^ 
real lime elapsed belween the passages or transits of tho fiist" 
point of Alios (tlio inteisoction of llxo ecliptic and equator), and 
of the object over the ineiidian. Ilcnco if a clock bo acljusled 
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to shew Ivventy-foni hours dunng tlie Tolulion (jf the ooncuvo 
surface^ and commence its icckoning when the firnt point of 
Aims IS on the meudian^ it will ahew the riglit ascension of all 
the points ol the concave sin face on the incildian at any lime , 
and all that la nceossuiy to asccitam the right ascension of any 
object, is to obseive the time shewn by llie clock when that 
object passes the mendmii, This time is tlio liglit as( elision, 
and being mnUipliod by 15, gives ilio i ight ascension in do- 
glees, &c 

The instuimont by which the time of the transit over the 
meridian isaccmatcly obsei ved, and the mminoi of observing it, 
Will bo pioseutlv explained 

178 The inleisection ol the ecliptic and equator not be- 
ing marked on the concave surface, wo must, for logulaling the 
(look, make uso of some fixed slai, tlie right ascension of which 
IS known • tlie clock may be put neatly to sidereal tmio, and (lie 
exact tunc being noted when a stiu, the light ascension of whieli 
as known, pusses the meiidian, llio oiioi oflhecloek will 1 k‘ 
known Thus if the clock show 1’^ 15'’' U% when a star, llic 
light ascension of which, is 1^' 15’» 10*, passes, the on or of ilio 
clock will bo d*, and every right ascension observed must bo 
corrected by this quantity, 

179, It is ovident then, that the right usconsiun of some one 
stai being known, the right ascensions of (ho K'stmay bo obiaiU'* 
cd mth much facility Tlie method which follows, has been 
used by Mr, Idamstead, and liy asfionomeia an general, to ob- 
tain the light ascension of a Aipiihe 

When the sun between the \ernal and autumnal etininoves 
has equal declinations, its disfanccs in each case, fiom ilio res- 
pective equinoxes, me equal, Wo can ascertum ivhen the sun 
has equal declinations, by obsoiving the ypnilli distances lor tw-o 
or three days, soon after the voinol cqtiinox, and for two or 
three days about the same distance of lime bofoio tho nulnmnal, 
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and then, by proportion, ascertain the precise time when the 
declinations aro equal * at these times also we can asceatam, hy 
propoUioii; the diffcienccs of the right ascension of the sim nntl 
some star, hy obseiving the diffcionces at noon foi two oi tluco 
days Let 

E the right ascension of the sun, soon aftci the vernal 
equinox, then 180'^~E = tlio riglit ascension befoio the au- 
lumnal, when it lias equal declination. 

A the light ascension of the slai m tho foimcr instance 

A + rz the right ascension in the lulloi 

Wo obtain by help of observations A — and (180 — E) 
— (A + p)* Let these difloi cnees of light ascension bo D and 
D', that IS, 

A — Es=D 

and (180 — E) — (A + p) =: D'. From which wo can dotor- 
mmo E and A, For, adding these equations 180^ < — 2E — j) 

= D + D' 01 E = 180'’— _ (D H- J D Q — P thence A = D 

+ E IS known The \aliio of^; arises fioin the change of light 
ascension of the stm in tho interval between the times of equal 
declinations, and is thcicfoic known fiom tho tallies of picccssiou 
and aberfatuin, &c 

This kind of observation may bo lopcatcd many tunes for 
the same star between two succcsbivo equinoxes, and likewise in 
dincreni yeais j nncl, by taking a moan of many icsults, great 
* precision will bo oblainod 

Tho advanlago of this method is, lliai the sunS zjcnilli dis- 
tance being tile same ai the two tunes of ob&ci vation, proliably, 
any euor in tho nistrumeni will equally afibet each /onitli dis- 
tance, and there foio wc can exactly find wben the declinations 
aio ilio same, although wo weio notaljlo to ohscivo the decHnu- 
lion itself with tho gicalost accuracy. 

180. Tho GonsirucUon of clocks for aslrononucal purposes 
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lias aiuvccl at such a degree of porfoclioiij tluil, for ninny 
months togetliei, tlioir rate of going can be depended on^ to less 
than a second in tvvcniy-foin hours '^rhis accuracy has Iuhmi 
obtained by the nice cKcculion of the jauls^ in eonscMpienoo 
wliich the eirois Aoin friction are almost onlnoly avoiiled, and, 
by using rubies for the sockets, and pallets, where the aeliou 
IS moat incessant^ the effect of wear is almost entirely obviuteih 
But tile principal source of accuracy is the conslruclion of I he 
pendulums, which mo so contrived, that even in the oxtionu'vi 
of heat and cold they loinuin of the same length* This is ge- 
nerally effected by a combination of lods of two tliffenml nu'- 
tals, diffeimg consideiably in tlicir expansive powers, T’hey 
aie so placed as to countcinct each other’s effects on tlu' length 
of the pendulum Formerly biass and steel u'oro used, tlu» 
former expanding much more by boat than the lallor In this 
constuiotioii nine lods or bnis wore jffaced by the side of outli 
other, and the pendulum, from Us appeal mice, was oalhsl a 
giicliion pendulum A composition of zinc and silver is now 
frequently applied in, stead ofbiass, on account of Its greater t'v- 
pansion, by which five bars ore made to servo* Other consli ac- 
tions are also u&od, for preserving the same length in the pen- 
dulum, but not so commonly* 

181 A clock of this description is absolutely uccossmy foi 
an observatory It is regulated to sidereal time, and llio lioiUf? 
are continued to twenty-four, beginning wlien the vcnml inter- 
section of tlie ecliptic and eqimtoi is on the meridian ; and not 
like common clocks, at noon, But however well oxeciiled the 
clock may be, it is depended on only for shoit intervals j the 
time it shews being examnied by tlic transit of fixed stars, the 
right ascensions of which have been uccuraloly sotllod* Foi 
this pm pose the light ascensions of thirty-six principal Btai'h 
were determined with great exactness by Dr. Maskolyno* 
Several of these may be observed every day, each obsoivatiou 
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pointing out the enoi of the clock ^ and the mean of the 
CHOIS will give tlie eiior moic exactly Nothing moic then is 
necGssuiy for detei mining the light ascension of a celestial ol>- 
jeet, than to ob&ei vc the sideieal time of its tiansit by the clock ; 
that tunc, being coviected, if necessaiy, by obseivations of the 
standaid stais^ is thciigbt ascension 



123 


lU'MIiNTH 01'' ASrHONOAIl 


\l 


(JHAPTICII XI. 

MLI'JIODS 01'' ASOBIVlAlNlNfl MINUTI' I’OUTlONS OI (’MU IM \U AIK III > 
— ^ASTKONOMIOAI. flUAnUANT— ZIvNI I’ll HI d I'Oll CIIKT I * -AM* 
TRANSIT IN8TH0MENT-- MhlHOlW OF I'lNDINO '1111, .Ml KIIUAN. 

182. As llio fliolics or linilis, ii-j (hoy mo (ullotl, tiriiHlKinn- 
iiHcul instiuinonls, tiro soUlom tlivulod iiomoi lliim to o\oiy li\ii 
minulos, it is iiocchsnry liiiody to oxiilniii (ho iiioIIkhIh by hIiioIi 
sniallor iioitions inuy ho (iscoituinoilt ihoio iiro (hioi' inodinil., 
iiowpiincipallyiiscih 1. by tu'mtiVr/ 2. by ii ;«/>/ w/to/ct mvch',* 
3, by ti mm osco})o, 

183 Tho firsl inotliod is ofiitoio /a[(>nornl iiso (hmi lh(‘ nllioi 
two, and is apphod to a great variety of plulosopluciil iiwli ii- 
monts. It is named aflor ils invoiilor. It will bo ensily iindor- 
stood by an instnneo. Lot tho arch U (b’ig. 2.^) bo dividotl iii(o 
equal parts, Ih, Im, mv, ouch 20', and lot it ho rotpiiioil 

to ascertain smaller portions, for iiisinnco, tho dislniifo ol‘ I* I'lom 
^A. Lot anothor circular-arch, cnlh'd (ho voiiiim', 7" long, 
slide upon (ho arch If, and lot it ho divided into (ivoiity oqiiid 

parts, that is, each part = =: 21', If (iioso i«ir(s ho Ac, 

eel, cle, See then tlio division d coinciding witli dm division m, 
(ho division 0 will be (3F -20') or 1' hoyoiid tlio division /, ; 
tho division b 2' boyond tho division p, &v. Ho (hat in (liL 
way wo can ascertain portions of I', 2', &c., altlioiigli dm aroliOH 
themselves aro divided only into iwrtioiis 0120'. To npjily (IiIh, 
suppose it wcip loquirod to ascovtaiu (ho distanco of T fixiiii ;iA • 
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let tlio veiiiiev bo shded till lih commence men t b coincides with 
Py then it will be seen what division of the verniov coincides 
^Ylth a division of the limb the divisions of tlio veinici luo 
numbered fiom its beguimng 0, 1, 2, 3^ &c Tlio nnmbci of 
the comciding division of the vernier will, it is mmnfost, shew 
the distance of the commencement of the veimer fiom the divi- 
sion on the limb oi PA In the application of this inslnunont 
ton&tionoinical purposes, the vcinici is so attached, that its com- 
mencement 01 point of Zoro, as it is called, is always livought 
by the pioce&s of making the observation to the point fiom 
which the leading is to be made. In othci applications, in the 
baiometer, foi instance, tlie commencement of tlio voinior is to 
bo moved to that point 

Tins method of ascci taming the extent of small arches is 
more fiequently used, wheie the measurement is only to bo 
made to the neaiost minute, but it may be readily applied to 
asceitain much smaller portions Thus, if the limb be divided 
into poi lions of 20', and a vermei = 19^ 40' bo divided into 
sixty pal ts, each of these pails will be 19' 40" , and thcvefoie an 
interval on the limb exceeds an interval on the vernier liy 20", 
and so a space of 20" is asoci lamed. 

Again, if iho limli bo divided into paits of five minutes each, 
and a voinioi = 4® tW ho divided into sixty parts, each of tiicbo 
parts will bo 4' 5/5" , and theicfoie nn mtcival on the limb ex- 
ceeds an intorval on the vormcr by 5"* 

184, To asccrlam still smullcr portions, a inicromoier scicvv 
answeiB better ; which is a very fine scicw, requiring to bo well 
executed, so fine that the interval between two threads is some- 
liinob only the of an inch A cuculur head is fixed to this 
seiow. This head is divided into oipuvl pints, iho whole being 
the numbei of seconds auswoimglo tbo interval between the 
llucads. This screw is attached to the ])avl of the inslrumcuL 
carrying the point P, (I^'ig 25) moves at right angles to ilie ra- 
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dills, mid is to bo Uivned till tlic point V coincides wil li A. ' I'l »■ 
numbei of complete revolutions, mul tlio iMirlofa icvolulion will 
give tbo seconds jn PA. 

185 The tibovo is voiy convoniont and o\acl, but i( yields 
to Ml. Ramsdon’s nictliod, by microscoiH's, in wliicli the Iniaf'c 
of the arch and of the point? is formed in the foiiis of a com- 
pound inicioscopo, the axis of wlnoli is perpondiciilar In (lie 
plane of the limb . a wiic in llio focus of this niiiToscojm ih 
moved by a raicroractor sciow, and inado to pass succcsHively 
over the images of the points ? and A, and tho motion of the 
screw shows the inteival. Tho advantage of this inelliod iiiihcs 
fiom tho distinctness and magnitude of the image in (he iiiiiio 
scope. Tho exact coincidence also of it with the wne in (he 
focus assists much tho accuracy ofobscivnlion. This iipplictilioii 
of inicroscopos is justly considoicd as a veiy valiiiibh' iiiipimc 
inent in astionomical instiumcnts 

TUn ASTRONOMIOAr, (iUADllAN! AND OlllClr 

18 G Tho qiuidi ant for moasuriiig xonilh distunces, is mo\ mil ile 
on a vertical axis, oi fixed to a solid wall in tlio pliino of tlio iiieri- 
dian. In die latter case it is called auuiral ijuadi'anl. 'Die Ictcs 
cope, which is moveable about the ccntio of the ([iiiidi ant, liiis ini 
index, usually a vormor, fixed to it, and moving on flio ilividml 
aicli of the quadrant. Tho plane of the quadrant being ] terpen 
diciilai to die hoi’i-son, and in (ho snino vortical ciiclo iw (ho ob- 
ject, tho telescope is moved till tlio ob|cct iijiih'iiih near (lie cen- 
tre of the field of view, touching or bisoctod by a wire, plticocl 
in tho principal focus of the toloscoiio, parallel (o tho horlv-on, or 
at right angles to the piano of tho quadrant. The arch ihoii be- 
tween (o) on tho veriiior, and tho lowest jioiut of tho qiiailniiH 
from which tho divisions cominonco ( (o) of tho nrcli), shows the 
zenith distance, provided tho radius passing through (o) of (he 
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moll 1)C vertical, and provided also that the line of collimation 
of the telescope ho parallel to the ladius passing tliiongli (o) of 
the voinici* The methods of ascertaining the exact place of the 
mch, pomlcd out by (o) on the veinier, have been shown In Ail 
183, &c The ladius passing through (o) of the aich is gene- 
rally made vertical, by help of a plumb lino The plumb lino 
bisecting a point near the centic of the quadiant, is made to bi- 
sect another point on the aich, by moving the quadiant in it's 
own plane These two points aio placed by Ibc mahei, paiallel 
to (ho ladius, passing ihiough (o) of the aich 

187 The Ime of collmaLion of a telescope, is the line join- 
ing the centre of the object glass, and the place of the image m 
tlio piincipal focus this is the truo direction of the object, in 
which it would be viewed by the naked eye. Ilciice it is evi- 
dent that this lino ought to be paiallel to the radius passing 
lliiough (o) on llio veiniei, that the angle iheasuied by the dis- 
tance of (o) on thovciniei from (o) on the qiiachant, may shew 
the angle contained by a vciUcal line, and the Imc of duection 
passing thiough the object, which angle is equal to the zenith 
distance of llie object. 

Thus 01^ (Fig 20) represents the plumb line passing over 
two points, The hue winch joins these points is paiallol to the 
radius CL, passing tlnough (o) of the aich. The dotted line 
D1 IS the lino of eoUnnation, parallel to tho ladius CV passing 
through (o) of the vciTucr, LV measures the yen itli distance of 
llio object, the image of which is at L The voinior being fixed 
to the tolosGopo, the ladius CV, while the telescope moves, al- 
ways picscivcs tho same relative position to the Imc of collima- 
lion. The position of the lino of collimation must always be 
scrupulously attended to, and, if erroneous, must eithoi bo ad- 
justed by moving the wiie in tho focus of tho telescope, or the 
error allowed for , the latter is generally better, when the error 
amounts only to a small quantity 

188 To enable the obscrvei to asceitam tho error of tho 
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lino of collimation in those qiiadiants that move on a voilical 
axis^ tlieaich is continued seveial degices beyond (p) (Fig» 26) 
as PS^ and the zenith distance of the same object is to be oh- 
served with the aich of the instiument facing difTeient ways 
Thus, when a star near the zenith is obsoivcd, let CT (Fig 27 
1) be the rndiiis, paiallel to the line of collimation of llic teles- 
copGj GV the ladius passing thioiigh (o) on the vernier Then 
LV IS the aicli read off or obseived j which is too little by TV 
I/Ct the qnadiant be moved on its vertical axis half round the 
position of the above lines will be as in Fig 27. 2. Then that 
the telescope may be diiected to the same star, it must bo moved , 
over the aicli TT^ till it is paiallel to its foimer position CT 
(Fig. 27. 1 ) so that = LT. The point V is transforied 
by the motion of the telescope to &c. The aich now inca" 
sured is V'L' too gieat by Y'T = VT Hence 2VT (double 
the eiior of the line of collimation) =: diffeience of the zenith 
distances of the same stai, obsoived in the two positions of the 
qiiadiant 

189. This metliod cannot be adopted for miiial quadrants j 
for these another instiument is nccessaiy A zenith sector is 
used, at the Royal Obseivatoiy at Greenwich, to ascoitain the 
errors of the lines of collimation of the mural quadiants. This 
instiument is principally composed of an arch of a circle of a 
long radius, fixed to a telescope of the .same leiigtli, passing 
through tlie ceiitie and middle of the aicli The instrument is 
suspended veitically ; the telescope can he moved (the aicli be- 
ing fixed to it) a few degiees on each side of tho veitical lino, 
so as to obseive stais withm a few degrees of the zenith, A 
plumb line suspended fioni the centre of the instrument, and 
passing over the aich, shews the angle between the point of (o) 
at the telescope and the veitical line This iustrumont is capa- 
ble of having its face tinned both east and west; theiefore, if 
obscivations ofthe same stars be compaied in both ciicumstancos, 
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the oiroi of the line of colhmation will be had as \n a qundinnt 
nioving on a veitical axis ‘ consequently^ if observations ate made 
at the same time ivitli a imnal quachaiit, and compaied with the 
obseivations made with the zenith sector, the eiior of collima- 
tion of the mural quadiant will be ascei tamed. The oiror of 
the line of colliinution of a quadrant is not much liable to vaiy. 

190. The brief account of nsiionomical matuunentSj hoie 
given, is only intended to contain enough to afibid such a gene- 
lal conception of theii uses, that the observations inenticmed may 
bo undcistood. We may lefci to Piofcssoi Vince’s lhaclical 
Astionoiny for a more particular account of astronomical instiu- 
inonts * wheie the astronomical quadiant^ its uses and adjust- 
ments, aio miniUcly dcsciibed; ns also the zenith sector, used 
at the Gieenwich Observatory A yemth sector, constructed for 
the purpose of the groat trigonometrical suivey, now canying on 
in England, is particiilaily doscubecl in Pbil, Tinns for 1803. 

191. The radius of each of (ho Gieenwich muial quadrants 
IS eight feet, and their niches aio divided into parts of 5' each, 
and, bj means of the miciomotci sciew, angles aio easily ascer- 
tained to seconds of a degree , a second of a degree in these in- 
sli uments is of an inch nearly. They wcio divided by Mr. 
Bird, the first aitist wlio attained ii gioat dogice of pevfecUon lu 
the divisions oflaigc inslrumonts, and who, peihaps, has not since 
been oxcollod. The quadrant facing the oast, with which all ob- 
servations to the south of the zenith aio made, is superior to the 
other. This instrument will always bo cclobratecl in tho history 
of astionomy j with it and the transil instrument wore made tho 
numeious and valuable observations of Dr Bradley, and of the 
Into Dr Mttskelync, that Wore continued through a space of near 
sixty yoais, and which, by the concuriont approbation of astro- 
iiomcis and mathematicians of all coimtiics, have boon adopted 
as the basis of those impiovemonts, tliat have advanced asli’ono- 
iny to its present degree of perfection. 
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192 The present state of Astionomy I’equiies the utmost 
perfection in the insliumcnts . those foi /enith distances oiiglit 
to admit of a degicc of pi ccision, enabling us to obscivo the ze- 
nith distance with certainty to two oi thice seconds; so that, by 
taking a mean of a minibei of obsei valions, wo may have llie 
zenith distance to 1" oi less. This acciiiacy is necessary 
to asceitain the motions of the moon to the icquisilo exact- 
ness, and to deteimine tho effects of the mutual distni bailees 
of the system, many of which, at their maxima, amount only to 
a few seconds 

193 A. quadrantal aic apjieai's, at first view, to he all that is 
iiQcessaiy foi observing the zenith distance of a celestial object j 
a laigci poition of a cncle seems useless, and, by confining tho 
jnstuiment to a quadrantal aiC, wo may have the advantage of a 
much longer ladius, but oxpeuence has shewn that quadiniits 
yield in acouiaoy to complete cucles. 

Tlie astionoraicol quadiants will piobably soon ho entirely 
superseded by cncles.* Thcie is reason to suppose that much 
gi eater accuracy will be obtained by the latter tlian by the for- 
mei, even when the diainetei of the ciicle is fni less than tho 
radius of the quadiant. Nearly a century ago, an entiio meri- 
dian circle had been executed - yet tlieio was nothing in this 
that can lessen the ciedit due to the late Mr Ramsden, who 
above twenty yenis ago, proposed to substitute the circle for the 
quadrant. The astronomical circle serves exactly the same pur- 
poses as the quadiant Mr. Ramsden made his fiist circle, five 
feet in diameter, for the Obsei vatory at Palciino Since that 
time several circles have been conslnictcd by othei arlibls, par- 
ticulaily by Mr, Troughton. The Observatory of Tiinity Col- 
lege, Dublin, possesses a most superb circle eight feet in d lametor, 


» For an aceount of astronomlcnl ilrtloj, sac Mi, Vince’s Practical Astionomy 
and Phil Trans 1800, part 2 
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riiis uistuimcnt was begun by Mr RainsclcUj and fiuislied by 
bis successoi. Mi* Beige/ and bus been in use since the latter 
end of 1808 

194 The advantages, pioposcd to bo obtained hy the nstio- 
nomical circles, aic 

1* The telescope is fixed to the ciicle, and the wliolo moves 
togeilici on mi axis, which is a gioat advantage, ns all impel fee- 
tiona ofcenhe woik, dangoi fiom the telescope bending, oi the 
contie woik wcaiing, aio avoided, 

2 All pmts of the imlumicni can bo leadily exposed to the 
same tempeiatuio 

3 The instillment balances itself* 

4 All impoifections of the divisions aio xcadily discoveird, 
as the same angles can be obscivcd on diffoicnt pails, also the 
instrument can be much moie accu lately divided in consequence 
of the peison> who divides, being enabled to examine opposite 
points ^ 

5. One of the greatest advantages of our insliument is the 


^ Thia insti lunent was origlrtaUy begun by Mr Ramsden, directed by niy piede- 
erssor, Dr Uslicr, at the desne of llio College, nbaui the lime when it wne fiutln 
coiUemplatlon to subslltiite circles Inatcad of (luniUuiits After fiirjilsbing one of five 
feet In (liamctcr, foi the Obseiviiloiy at Palciino, Mi llamBilcn engaged to iimsh 
one of ten feet for oiu Ohseivatory , lint moat tedious delays, much Indeed to bp re- 
gicttcd, Intel VC ned. After having partly executed one of ten feel, iic iiyccfcecl it for 
one of nine feel, and this, after the clrUe itself was actually divided, was laid aside 
for the present one of ciglitfeot, wWcli ho left to iiia aucccasor, Mr, Deigc, to divide 
and lintsh, and share tho credit due for iho execution of such an Inabument In 
spending of this Instuimcnt, tlio liberality of the Piovost and ^Senior Icllows of the 
bniveisity of Dublin ought not to bo passed ovci, WiUi then usual zeal foi the 
pioraotion of knowledge, they spared no expense to obtain, foi llicii Observatory, 
the Qist inslrument ofita kind , shewing on this, and on oil nccasloua, whore the m, 
tovest of science is concerned, an. example well worthy of imitation 

Mr, Trougliton has ilesciibed ids \oiy Iiigeiilaus method of dividing Astrono- 
mitai Inetiumeiita, in the Phil, Tiaii I80t>, Pan 1. 

K 
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fncllify with which the euoi of the line of collimuLion 
foundj, by ohseiving a star at any distance fiom the * 

the face of the insU ament turned difieient ways Tlui’^ 
iiith sectoij which would be absolutely necessaiy for iv 
quadrant, can be dispensed with* 

G. The method of leading off by compound 
which Mr Kamsden has adapted to this instuimonb ih 
prefeinbloto the meihoda by the vernier ox micronioliu' 

Art. 183 and 184* 

In oui circle^ three microscopes are usedj one in 
opposite to the lowest pait, und two opposite to the hoi^*^ 
diameter i by xvhich the same angle may be lend ofi' oil ' 
dififeient paits of the ciiclo, and thus the enoxs fioin 
of iGiupeialure may be obviated, and the effect of any 
in the divisions considerably lessened Tins circle wan on I 
tended fox meridional obsei vations^ but, on account of (lu* * 
lity of the vortical axis, ausingftom the fiimnoss of its 
it may with much advantage bo used foi a few miuuluH 1 > 
and after the passage of tho object over the meridiau, 

Inno of making tho obseivatioii can be leaddy noted 1»; 
transit clock, and thence the coiTection computed for ro^l^t 
die observation to what it would have been, had it boon 3 
on tho meridian 

In the year 1812 a inxmal eixelo of exquisite workntrtil 
six feet 111 diametei,inade by Mr Tioughton, was pluood ii 
Observatory at Greenwich, This instiumeui is now uiNCii 
stead of the mural qiiadi ants, It gives noith polni diwici 
and not being capable of being leveised by a vortical tnr^ 
the ohseiwations arc collected by means of tho noiih puUi| 


^ Four ratcroscopcs placed at the extreniltlefl of ihe veitloal and horixoiili 
melora, would have nftbrdod groateir nootiracy hut a mlorojicopo opposUo to tl 
tom microscope \Nould have boon very Inconveniently situated Jft>r use. 
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tances of certain standaid stais, in a manner similar to tlmt by 
which observations of the transit instrument aiocoi reeled for the 
on or of the clock* (Vid* Art* 181 ) 

195 The observations made with tho qimdiant and ciicle 
being foi the sumo purposes^ an example fiom the latter will 
suffice 

Example* A^g 23, 1808, at the Ohseivatory of Trinity 
College, Dublin, obseivcd, by the astionomical ciiclo, llic polar 
stai above imd below the pole, 

ZD abovc34«53M0'hl Baiom* 29,99 Ther 58" 
below 38 IS 59,1 - 29,97 - G7 

Each of these zemlh distances is fioin a moan of observations, 
made with the instiumeiit facing cast and wosl To clGteimino 
the zenith distance of tlio pole, mid polai distance of tho polar 
star* 

34 53 10", 1 38 18 59,1 

Rof. + «39, 84 + 44,47 


34 53 49, 94 38 19 43,57 

38 19 43, 57 


2 I 73 13 33,51 


36 36 46, 75 i^enitli distance of pole or co-lali- 
tude 

This observation thoroforo gives the lolitiide of tlio observa- 
tory 53"' 23' 13", 3. 

Half tho difFeience of the zenith distances 1" 42' 56", 


Tho above rcfiacliona aic computed by a table, which is given in tlic Appen- 
dix* Tho losuUa of my obscrvatlona relative to refraction agree nearly wUb tho 
Pi ouch (M, DclambicS) Tables as far as about SO® 3* I>* locator tho horl/ou to* 
factions become so uuccitnln^ that observations cease to bo of me* 

k2 
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81 =: the observed polar distance ofthepolai stni. This must 
be icduced to its mean quantity at some given time oi epoeb, 
as it IS called, suppose, Jan. 1, 1813. 

The change of N polai distance 
by the recession of the eqiiatoi 
on the ecliptic (Ait. 90,) fiom 
January 1, 1808, to Januaiy 1, 

1813,) the change in a year be- 
ing = — 19", 50.) 


By Precession from Jan 1, to Aug* 23 

-12, 

50 

Abel ration of light 

+ 13, 

38“ 

Nut, of tho oaith^s axis fiom moon 


32'* 

from sim 

- 0, 

46“ 

Sum accoiding to then signs 

— 2^ 

90 


This IS to bo subtracted fiom the mean polar distance, Jan 
1, 1808, to obtain the appaiont jwlar distance, Aug. 23, 1808, 
Hence the incnii polar distance, Jan 1, 1808, deduced from 
this obseivation is the sum of this quantity and the polar dis- 
tance observed Tlierefoie 
1“ 42 56, 81 
+ 2,90 


1 42 59, tl 
— 1 37,50 

1 41 22, 2 = mean polar distance of tlio polo stai, 
Jan. 1, 1813 



» General Tables of Aberration Professor Vince's Astrom vol i p 327* 
General Tables of Nutation, tlo \ol ll. p 131 
’ Dr, Maskelyne's Tables Tab, 30 The aberration of light and its c/Tects nro 
explained hereafter Nutation has been mentioned, art 01. Solar mitatloa in 
NPD ss — 0", 48 sin, (2 Ion, sun— *11* A star ) 
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By the mean of a luimhcr of obseivations it is P 41' 

By the Gieoiiwich ciicle it is 1® 4B 2V^ 7 

TRANSIT INSTRUMENT, 

190 The liiinsil msUumeni^ equally noccssaiy in piaclicnl 
astionomy, as the quadrant oi ciiclo, is a telescope lixccl at light 
angles to a cioss axis, This axis is placed upon hoii/oiilal 
siippoits> upon which it linns The instrument is to he so ad 
justoch that the hue of colhmatlon, when the telescope is UiinGcl 
with Us axis, may move in the plane of the meudian. In the 
principal focus of the objcci glass aic placed ilnoc ov five wiies, 
paiallel to each otlici, and peipenclicular to the lioihoninl axis 
Another wire bisecting the field of view is also usually placed at 
right angles to these, Tho iransii instrument m the Observa- 
toiy of Tiinity College, Dublin, is six feet long, the cioss axis 
foin feet, and tlieie are five parallel and equidistant wncs in the 
principal focus, and one at Tight angles to these 
In Pig, 28 the wiies aic leprcsentcd 
To make the centre wiie Cd move in the piano of the men- 
dian, thico adjustments me necessary, 

Isi, To make tho axis level this is done eilhei by a spirit 
level 01 plumb line, 2dly To make the line ofcollunation, 
that IS, a line joining CW, and the centio of Ihc objoci glass/ 
perpendicular to the axis , ihis is done as follows • lot the image 
of a distant object bo bisected by tho middle wiio, and then take 
the axis off Us suppoits, and leveiso it; if the imago is then bi- 
sected, the line of collimation is exact, if not, half the ouoi must 
bo concctcd by moving the system of wiics, and half liy moving' 
ono of the supports of tlio axis Theic is a piovi&iou foi both 
these motions Tho axis being again leversed, will verify tlic 
adjustment. 3dly The line of collimation is to bo placed iii 
the meridiuii : this is done by the lielp of a mark placed at a 



134 


rLFMENlS OF ASTRONOMY 


[OIIAP XL 


considerable distance, for instance, at the distance of one oi two 
miles, in the direction of the mciidian of the centre of the in- 
shument The whole telescope is moved by moving one of the 
suppoits of the axis, till the middle wiie bisects the Image of the 
maik The meiidian maik will seive to adjust the line of col** 
liniaiion , and indeed, in piactace, the oulci of these adjustments 
should be leveised. 

197. The use of tbe tiansit instrument is to deteimino the 
light ascensions of the celestial bodies, and also the mean and 
appaicnt time In observing the light ascension, the telescope 
IS usually diiected to the object, by help of a divided semicnclo, 
placed at one end of the axis, on which an index attached to, 
and peipendiciilar to the axis, and also parallel to the hno of 
collimation, moves , this index is to be sot to ihe polar oi /o- 
nith distance of the object, accoulmg as tlie somicnclo shews 
polai 01 zenith distances 

This being done, the tune of passage of llie object ovoi oach 
wiie IS noted by the clock, boating seconds and showing sideieal 
time, place dneai the tiansit instiqment The mean of the ob- 
seived times of passing each wiie is to be taken to shew more 
accurately the time at the middle wiie. The time of passing 
each wne may be observed with gieat accuracy, because the Ic** 
lescope magnifies the diurnal motion, so that at one bent of the 
clock a star may be observed on one side of the wire, as at 
and at the next boat, at h Tlie eye is capable of pioUy accu- 
lately piopoitiomng the inteivals ac and ic, so that the time 
may be noted to tenths of a second, and the moan fi om tho 
fi\e wires i*aiely deviates of a second of time fiom the tiutli, 
or 3^^ of a degiee Thus light ascensions may ho determined 
with ueaily tho same accuiacyas zenith distances For, as has 
been alicady shewn, the time of the passage by the clock is llio 
right ascension, piovided the clock shews accurate si del cal time 
This IS seldom the case, and ought always to be examined by 
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ob&eiving some of ilie thirty-six stais befoic mentioned, (Art 
181) the light ascensions of which have beon detevininod with 
gieat accuiacy by Dr. Maskelyne 

198. Example Obseived at the Observatory of Trimly 
College, Dublin, Nov. 2, 1793, the tiansils over the meridian of 
aCygiu at 20^^ 34*^ 15% 72 sideieal time. 
oAquarii 21 52 29,89 

Fomalhaiit 22 46 4,65 the clock losing 1% 5 in 24 lioins 

To find tlie mean light ascension of o Aquam 
Mean A R Jan. 1, 1793, 


by Di'. Mnalcelync’s 
Catalogxio 
r Aber and pieces. 
[Nutation 

a Cygni 

20 34 22 57 
- + 1,53 

0,00 

Foinalhaut 
22 46 10,72 
*f* 3,43 

~ 0,85 

App. A. R. 

20 34 24,10 

22 4613,30 

Observed 

20 34 15,72 

22 46 4,65 

Clock slow 

Motm at 21" 40*” alow 8',51 
At 21 52 slow 8,52 

8,38 

8,65 

Observed o Aquaidi 

• 

- 

21 52 29,89 

Clock slow - 

- 

- 

+ 8,52 

Apparent A, R 



21 52 38,41 

Ihecess, from Jan. 1 

, 1790 

- 

— 11,87 

. CAbenation 


.. 

— 0,32 

\ Nutation 

- 

- 

+ 0,55 

Moan A. R. Jan 1, 

1790 

.. 

21 52 26,77 


^ Pjofessor Yince’a Aatronomy, val, ii p 300, Ssc. Di. Maskclyno’a Tub. 17 
and IS. 

^ Ry gonciftl tables refoircd to in Att. 195. 
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From Di Biadlcy^s obseiv - 21 52 26^8 

Ml PoncrsobsciT in 1816 21 52 2C,G^^ 

lOO^ Tho liansit instrument serves albo for finding the mean, 
and thence tlieappaient time 

If the &UI 1 , instead of appealing to move in the ecliptic with 
an unequable motion, appealed to move in the oquatoi with an 
equable motion, in tile peiiod of its motion in the ecliptic, its 
ictuin to the ineiidian would each day be later ilian the iclurn 
of a fixed &tai, by 3'“ 56^ neaily ; and n clock put to twelve 
o’clock, when the sun was in the mciidian, would, if ughlly ad- 
justed, always continue to shew twelve, when tho sun, so moving, 
passed tho meiidiaiu and tlie tune pointed ovit by tho clock 
would be 7?iean li?ne 

The distance of an imaginaiy sun, so moving in the equator, 
fjom the vcinal equinox, is equal to the mean longitude of the 
sun, or its mean distance fiom the veinal equinox ; and this dis- 
tance, leduced into time, is the light ascension oftlio iiuagmary 
sum The mean longitude ol tlie sun is given in tho Sohu Ta- 
bles for the beginning of each yeai, and tho moan motion In lon- 
gitude, between the beginning of the year and each day, is also 
given Whence tho mean longitude is known, which i educed 
into sideieal time, at the late of 15® for 1 houi, gives the right 
ascension of the imaginary sun, after being corrected, to i educe 
it to the tuiG equinox. Iloncc, having the siclcieal time, by a 
clock, or fiom the time shewn by a clock collected by observ- 
ing the tiaiisit of a star, the mean time is icadily found. Foi, 
the diffoionce between the imaginary sun’s riglit ascension at 
noon (the mean longitude of the sun converted into time), and 
the given sidcieal time, is the sidereal time from noon : this is 
to be 1 educed info mean time, by diminishing it in the propor- 
tion of 24^' * 2ff^ 4% 1, or of 366 . 365 neaily. The moan 


* This star, therefore, ho? no porceptihio propci motion. 
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time being found, llio apparent timo will be Imd by applying tlio 
equation of time, ivhich will be explained heieaftei. 

200 Example To find the mean tune at Gieouwich, Nov 
8, 1808, at 20'' SO*” 7% by the sideieal clock. 

N. 


* Sun’s mean long I 
Jan 1, 1808. f 
Mean motion, Nov 8. 


9* 9“ 58' 1",1 337 

10 7 31 10 46 


7 17 20 20,1 
E(|iiat e^iinoxos } + lljl 

Mean long, at noon 1 ,,7 17 90 qi 9 
fiom true equinox. I ” 

This 1 educed to time gives 
Sidoi eal time at noon 15'' 9"' SS*,! 

20 30 7 


383 


Interval fiom noon 1 g 20 
in sideieal timo 5 

rcduclioii to mean time — 


8,9 

52,4 


Meantime 5 19 16,5 


For any otliei jilace, the change of the sun’s mean longitude, 
according to the longitude of the placo, must bo allowed foiv 
Tims, for the Observatory of Trinity College, Dublin, the sun’s 
mean longitude is E I", 0 gi eater than at Giccnwich, or 4®, 16 
ill sidereal time. 


« Vince's Astronomy, vol 3, pp 1, 20, p JO Tnble 8 Solar Tables, 

It IB convenient to Imvo Tables by wlilcli the moan loiigluitlo of tlio sun may 
be found at once in sideieal time* Sucb tiro Tables 10 and 20 in Dr* Alaskolyno'B 
Collection, 
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IMETHODS or FINDING A MERIDIAN LlNIj! 

201 The knowledge of the diicction of the meiicVmn i& use- 
ful foi sGveial purposes, but absolutely necessary for adjusting a. 
tiansit instillment The fiist step, and that the most diflicult, is 
to find it neaily when this is done, it may easily be collected 
by help of the transit instuunent itself Eithei of the two fol- 
lowing methods, especially tlie second, will servo at once for 
finding it sufficiently neai for most purposes, except foi the 
transit instiument, 

202 On an hoii/ontal plane describe sevoial concentiic 
elides of a few inches in diameter. In the centie place a wJie^ 
a few inches long, at light angles to thehouzontal plane Note 
in the foienoon the point where the shadow of the top of the 
wire just leaches any of the ciicles, and watch in the aftCMioon 
the point wheie the exiiemity of the sliadow again readies the 
same circle, The aich mtei copied between these two points 
being bisected by a ladiiis, the radius will be in the direolion of 
tlxe meudiaii j because the diiectxon of the shadow is in tho 
plane of the veitical cncle passing thiough the sun, and tho sun 
has eq^ual azimuths at equal distances fiom noon, unless as far 
as the change of declination interferes. 

This meridian may be tiansfened to any near place, by sus- 
pending a plumb line diiectly over the southern extremity of 
the hne diaivn as above, and noting when the shadow falls on 
tliat line * at this time another plumb line, suspended at tho 
place where the meridian line is lequiied, will, by its shadow, 
shew the meridian. 

The imperfections of this method of finding a meridian lino 
aiisG fiom the inexact termination of the shadow, and fiom tho 
change of the sunk's declination in the interval of the two ohsoi- 
vations Tlie latter inconvenience is least in Juno and Decem- 
ber near the solstices. 
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203 The otliGV method is perhaps as simple and exact as 
can ])e expected without the assistance of a telescope, and is 
applicable, even with a transit instrmnenh Obscivo when the 
polo stai above the pole, and e Ursro Majous, called Alioth, aio 
in the same veitical , a piano passing lluougli these stais at that 
lime IS nemly m the plane of the niciidian 

The polo star and Ahoth pass the moudiau within about 
niiio minutes of each other, the foimci hoiug 45' above the 
polo, and the latter 33" below it Alioth passing the mciidian 
holow the polo, about nine minutes before the pole stai passes 
above the polo , it follows that the veitical circle jiassing through 
the polai star, and uppioaching the meudian, will ho met by the 
veitical circle passing Ihiough Ahoth, receding fiom the men- 
clian, and theieforo Ahoth and the pole star will ho in the 
same vertical within less than nine minutes of time of the pas- 
sage of the polo star : and as the polo star changes its asiimutli 
vciy slowly, tho veitical circle passing thiough these two stains 
must be neaily in the plane of the meridimi. 

201 The deviation of this vertical circle fiom the plane of 
Iho meiiduui may be easily computed j for in general the sine 
of Ibe azimuth is to the sine of tho horn angle at the pole, as 
tlie sine of the polar distance is to the sine of the zenith dis- 
tance Now tho mean R* Asc, on Jan I, 1810, 

Of a Ilians - = 37" 


Of Alioth - - rn 12 45 41 

Ilcnce when Alioth is on the menclian below the pole, the 
hour angle nt the pole star (= 8 ^^ 5C« in timo) = 2 ^ 14', and 
lliercforo the sino of iho aximulh of tlio pole star when Ahoth 


sin 2" 14', sin 1" 45' , 
sin, (co lai — 1"45') 


: (m lat 63” 23',) sin, 7' nearly. 


Tins is the azimuth of the pole star, when Alioth is passing the 


meiidian below the pole, When they are in the same vertical, 
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the common aziiniith is somewhat less/ bntihe dUlbionco is so 
smallj that it is scaicely woith notice m this approximation to 
the meridian^ which sei ves without faithoi con ection for most 
common purposes The changes of the light ascension fiom 
aheiTation me not noticed^ because the method is only given 
heie foi an appioximatioii 

205* The following is a convenient way practise g this 
method. Suspend two plummets^ A and B, (Fig. 29)> to each 
end of a rod CD. Vessels of walei should be used for steady- 
ing the plummets. A pivot fixed to the middle of the rod 
should be supported on a socket at E; so that the rod may turn 
steadily and ficely. If Aliotli and the pole star be obsoived in 
the plane of the plumb lines^ that plane will bc^ in those lali- 
tiidosj within about 7' of the mciidian The eye will londily 
shew when they me neaily in the same vertical, and then the 
plumb Imeg, by turning the lod on its socket, may be easily made 
to pass through them, when exactly on the same vertical.'' 

206. Instead of the plumb lines, a tiansit telescope tmning 
on an horizontal axis may be used, The deviation horn tho 
inoiidiau of the telescope, so adjusted, may be found by obseiv- 
ing the transits of a star to the south of the zenith, and of tho 
pole star. The tiansit of the former will give tlie sideieal time 


^ The correction of the azimuth is very easily computed , for tho angulni inotiou 
of the vertical of the pole stni is to the angular moiiou of the veitlcal of Alloth, ns 
sine polar (list of pole star sine polar di st of Alioth / . 530 

Bine zenith (list sin zenith clist * ■' 8ln~3Tft2 

sin 33<^ 

sin. 69 37 ^ ^ ^ ^ nearl} Therefore the azimuth of common vcrlicnl is to azi- 

muth of pole sUr, when Aliotlipasseth, as II to 1? nearly j ami ihorcforo azimuth 
ef common vertical = li X Vs= 0,4 nearly. 

^ This method can only be used when the polar star passes the meridian above 
the pole, when it is darX, that Is, from the end of August to the end of Jaiiuaiy 
There aic no other stais so convenient foi tins method, although Capclla below the 
pole, and e Ursos Miuoms above the pole, may serve. 
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neaily, and compaiing tlie time so found with the sidevoal time 
given by the polai stai, the diffcicnccj which may be consideied 
m cntiiely the eiroi horn the pole stav, will give the deviaiiou 
fiom the mcndian » for the deviation in seconds of a degice is 
to euoi in seconds of a degieo of sideieal time of tiansit of pole 
star, as the sine of the polai distance of the pole stai to the sme 
of the zenith distance. The leason of considering the whole 
difTcrcnce, as the eiioi of the pole stai, is, that when the devia- 
tion from the meiidian is small, the enoi of sideieal time fiom 
n stai, southward of the zenith is very small, compaied to the 
ciroi from the polai star. This is a veiy convenient method of 
appioximaiing at pleasme to the mcndian 

207. The deviation from the meiidian may also be found by 
comparing the times of continuance of a ciicumpolai stai on the 
cast and west sides of the mcndian.^ 

A quadrant having an azimuth cucle is veiy convenient foi 
asccitaimng the meridian, by obscivmg equal altitudes on each 
side of the meridian, and then bisecting the arch of azmiutb. 
If the sun be used, allowance must bo made foi the change of 
declination. 

A good clock will seivc instead of an azimuth cncle, by ob- 
seiving equal altitudes of the sun oi a stm, half the inteival of 
time corioctod (if the sun is obscived) will show when the ob- 
ject was on the meridian, and thence the enoi of the clock will 
bo ascci lamed, and so the time of the transit of any stai may be 
computed, and the instrument adjusted at the time of tliat 
transit. 


® Pi ofessor Vince's Practical Astion. p. 82. 
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CHAPTER XII. 

GEOCENTRIC AND IIELIOOENTRIO PI AGES OF PLANETS — NODES AND 
INCLINATIONS OF THEIR ORBITS — MEAN MOTIONS AND PERIOD 10 
TIMES — DISCOVERIES OF KEPtER — -ELLIPTIOAL MOTIONS OF PLA- 
NETS. 

208. The fixed stais, as has been noticed^ appear in tlio 
same place with respect to the ecliptic fi‘om vvhatevci pari of 
the solar system they aie seen, but not so tlie planets* Iheir 
places as seen fiom the sun and eaith aic very difTorcntj and os 
their motions are pei formed about the sunj it is necessary to de- 
duce fiom the oliseivatious made at the oaiih^ the observations 
tliat would be made by a s 2 >ectator at the sun. By this wo ar- 
live at the tuie knowledge of then motions^ and discover that thou* 
orbits areneithei ciiculai, noi their motions entirely equable 
about the sun, although a uniform motion will, in some measure, 
solve the phsenomena of their appeal ances. 

It has before been shewn how the distances and periodic 
times of the planets aie found, on the hyj^othesis of then orbits 
being circular, and their motions umform^ it lemains to shew 
how the places of the nodes and inclinations of the orbits may 
be found neaily, befoie we pioceed to more accuiate investiga- 
tions. For this, it is necessaiy to find fiom the geocentric lon- 
gitude and latitude (computed, fiom the uglii ascension and 
declination observed^) and the distance of the planet from sun 
known neaily (ait 97 and 101) the hehocentnc latitude and lon- 
gitude 

209. Let S and E (Fig. 30) be the sun and earth, P the 
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plmiel, O its place, pi ejected peipendiculaily on the plane of 
the ecliptic, SA the dhcction of Ancs, and EH parallel to SA, 
Then OEH and OEP are the geoccntiTc longitude and latitude 
of the planet, and OSA and PSO aie the hclioconluc longitude 
and latitude Fiom the light ascension and decimation ob- 
served, and the ught ascension and declination of the sun, we 
can compute the planet’s angului distance fiom the sun, or the 
angle SEP Foi we have then the angle subtended at the pole 
between the sim and the planet, and the polai distance of eaclh 
Theicfoio in the tuanglc SEP, we know SP, SE, and the angle 
SEP ; from thence we can deduce PE, and ilicnce OE, because 
OE i PE * : cos* OEP (geocent lat ) * lad. Hence in the tu- 
angle SOE, ES, OE and angle SEO (dilT long, of planet and 
sun) aio known, and so we can compute OSE. Whence, be- 
cause ESAm eai til’s longitude seen from sun s= sun’s longi^ 
tilde + 180® we obtain OSA the hclioccnliic longitude Also 
because PS x sun PSO = OP X rad* =: EP X sm. OEP, we 
have sin heh lat. sin* geo. lat : : EP : PS, and thus the heli^ 
ocontiic latitude is known, 

210. From two helioconlric longitudes and latitudes, the 
place of the node and inclination of the oihit may bo found 
Let AR and AS (Fig* 31) bo two licliocentuc longitudes, PR 
and QS the heliocentric latitudes, and N the ascending node. 

Then by spherical iiigonoinotry ^ 

tnn. PNE = or (by Theorem, for sino 

Ion. QS- ^ '' 

of the diffeionco of two archos) 

sin AR X cos. AN— cos. AR X sin. AN„ 

toiTPR; 

Bin. AS X cos. AN — cos. AS X sm. AN 

toil QST 

hence is deduced tan. AN s: 
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shi AN _ sin, AR X tan QS— sin AS X tan PR, 
cos AN ""cos, AR X tain QS— cos, AS X tan PI?, 

AN IS the longitude of the ascending node , this being found, 

we have cot, PNR (inclm, of oibit) = 

^ ^ tan, Qb, 

The best obseivationsfov ascei taming the place of the node, 
aie those made when the planet is iieai its node on each side , 
tile best, for ascei taming the inclination, aic when the idanot is 
farthest fiom the ecliptic 

' The above is applicable to finding acciuaiely the place of 
the node and inclination of the oibit, piovidcd we had the pla- 
net’s distance fi oin the sun, at each obsoi vation, accurate How 
these may be found, will appeal faiihei on, Thciofoio thus far 
it has only been shewn,how the distances, peiiodic times, places 
of the nodes, and inclinations of the orbits, may be nearly found, 

211. Among the most valuable observations foi determin- 
ing the elements of a planet’s oibit, are those made when a su- 
penoi planet is in oi near opposition to the sun, for then the he- 
liocentiic and geocentric longitudes aie the same And a num- 
ber of oppositions being observed, the planet’s motion m longi- 
tude, as would be observed from the sun, will be known. Tho 
infeuoT planets also, when in superior conjunction, have the same 
geocentric and heliocentric longitudes: when in mfeiior con- 
junction, they differ by ISO’’, but tho infenoi planets can sel- 
dom he observed in superioi conjunction, oi in inferioi conjunc- 
tion, except when they pass over, which dicy rarely do, the sun’s 
disc Therefoie we cannot so leadily ascei tain by simple ob- 
servation, the motions of the iiifeiioi planets seen fiom tho sun, 
as we can those of the supeiioi 

212, The principal element foi determining the place of a 
planet, is the mean angulai velocity about the sun, called the 
mean motion^ The periodic time is consideied as invariable j 
but neither the real motion m its orbit, nor its angular motion 
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about the sun aio equable The peuodic time^ being constant, 
may be taken as the measuie of its mean motion , oi lathei the 
mean angle clesciibed in any given time, as twenty --foiu houis 
(deduced by propoition, from 360" being descnbcd in the pe- 
riodic time,) 

If the planct*s place in its orbit, as seen fiom the sun, at 
any lime, be known, its place at any other time will bo had 
within a few dcgices oi less, by adding its mean motion, in the 
interval, to the tounei place this is to bo couected accouhng 
to Ihc deviation ol the true motion fiom the mean place. 

To obtain accuiatcly the pci iodic time of a planet Find 
thcinleival elapsed between two oppositions sopaialed by a long 
intoival, when the planet was neaily in the same pait of tlie zo- 
diac. From the peiiodic time known iietuly, it may be found 
when the planet has the same helioccntuc longitude, as at the 
fust obscivation Ilencc the lime of a complete luimbei of lo- 
voliilious will be known, and tlienco the time of one revolution. 
The gi cater the mtevval of time between the two oppositions, 
the more accuiatcly the periodic time will bo obtained, because 
the eriois of obscivation will be divided among a gieat numbei 
of periods, ihoiefoic by using vciy ancient observations, much 
precision may be obtained, 

213. The planet, Satuui, was observed in the year 228 n c 
March 2) (according to our icckoning of time) to be ncai the 
stai 7 Viiginis, and at the same time was neaily in opposition to 
the sun Tlic same planet was obscived in opposition to the 
sun, and having nearly the same longitude, m Feb. 1714, 

Whence it was found that 1943 common yeais, 118 days, 
21 houis, and 15 minutes had elapsed while tho planet made 
66 revolutions It being leadily discoveicd that the time of a 
rovoluiiou was 29^ yeais nearly, it was easily asccitained that 
exactly 66 revolutions had been completed in tho above inter- 
val, and thoiofoio i\ tollows that 29^ 162^ 4^^ 19’^ is the time of 

h 
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one revolution^ which gives 2' 0^', 58 foi the mean motion in 24 
hours. The above time of icvoliition is with lospcct to the 
equinoctial points^, anch fls the equinoctial points loccdo^ the 
time of a complete i evolution in the oibit will bo had hy finding 
the piecession of the oqiniioxcs in longitude in the above time 
of levolutionj and thence computing, by pioportion, the time 
the planet takes to go over tho arch of longiludo equal to the 
precession. In tins way the time of a complete revolution is 
found to be 29^ 174^' 11*^ 29”^ , this is called a mleieal revoln- 
tion^ because it is the time elapsed between two successive re- 
turns of the planet to the same fixed slai, when seen fiom tho 
sun The time of i evolution with lespcct to tho equinoxes^ tho 
same os the time of revolution with lespcct to tho tropics, is 
called the tropical i evolution. 

In the same manner ancient observations have been used for 
tho other planets Ptolemy has lecoidcd several oppositions 
of Jupitci and Mars obseived by him in the second century. 
Fioin tliosG Cassim computed, by the help of modem observa- 
tions, the periodic times with much exactness Ancient obser- 
vations have also been used for Venus. Mercury, before tho 
invention of telescopes, could not be seen, when near either in- 
ferior 01 superior conjunction, and theiefore foi this planot mo- 
dem observations only have been used . however its transits over 
the sun’s disc have enabled us to obtain the periodic time with 
sufficient accuracy 

214. The exact periodic time of the earth is readily found 
by a comparison of two distant equinoxes j the time of the cqui^ 
uox IS known' by observing the sun’s decimation before and 
after the equinox, and thence the time when tho sun had no de- 
clination, may be computed by pioportion. Comparisons of 
good observations, separated by a long inteival, give the time of 
returning to the same equinox, pr the length of a tropical year r; 

5^ 48”^ 48® and as the recession of tho equinoctial points 
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IS 60^^^ in a yeni^ the sun will appear to move over tins ^pnce in 
20 '^ 23^1 Hence the pei iodic tune oFthe caitli oi a sideieal 
yeai := 365'^ 6 ^‘ 9 "' ll^ 

215, The ancient obseivations of Jnpitei and Satin n, com- 
pniGcl with the modem oncs^ give the periodic lime of the foi- 
mer gieuter^ and that of Satin n loss^ than what aie found by a 
comparison of the modem obseivations The cause of this is 
satisfactorily explained by the mutual attraction of these bodies 
to each oilier, and the quantity of vaiiation has been computed 
by the help of physical astronomy. 

The tropical year is loss now than in the time of Hippar- 
c\\u% accoiding to the determination of Laplace, by about 10 * 

210, The next inquiry is the deviation of a planet’s motion 
from equable motion^ for which the knowledge of the foim of 
the orbit, and law of motion in that orbit, mo neccssaiy This 
biingsus to the discoveries of Kepler, who (list ascertained, 
from the observations of Tycho Brahe, that Uie planets move in 
ellipses about the sun, winch is in one of the foci 3 that the law 
of the motion of each planet is such, that it describes about the 
sim equal areas in equal times, and that the squares of the perio- 
dic tunes are as the cubes of the greater axes of their ovbita. 
Kcploi, to whom wo owe these important discovciics, was born 
in 1571, and disiinguislicd himself enily in the sovoiiteGntli cen- 
tury, Naturally possessed of a most ardent desire of fame, it 
was fortunate for the progress of astionomy that he applied him- 
self to this science. He had the advantage of leferring to the 
numerous and celebrated observations of Tycho Brahe j who 
having, with unwearied exertions, constructed instruments, far 
bettor than had over been made, used them with equal assidu- 
ity in forming a connected senes of most valuable observations* 
Tycho Biahc observed in the Island of Hume, neai Copenha- 
gen I from whence, m oonseqOence of most unmeuted treat* 

l2 



148 ELEMLNaS OF A&TUONOMY. [ClIAP* XII. 

ment, he was obliged to letuc to Piaguo, whither Kcplcij at Ills 
porsimsion, came to lesiclc 

217 Kcplci fiist applied himself to investigate the orbit of 
Mars/ the motions of which planet ajipcavcd moio iiicgular 
than those of any other, except Mciciuy, winch, from being 
seldom seen, had then been little attended to* lie has loft us 
the result of Ins inquiries, in his woik, " Dc Motibus Stollm 
Maitis,” which will always deseive to bo studied as a rccoidof 
industry and ingenuity. It will not be convenient to oiiloi hcie 
into many pai ticulais of Ins labours. One of the most remarka- 
ble IS, Ins long adherence to the hypothesis^ that the oibits of all 
tile planets must be cneiilai, because a cncle is the most per- 
fect figuie The planet was supposed to move in a ciiclo dc- 
scubing equal angles about a point (pimctum icqumis) at a cer- 
tain distance fioin tlie sun In this he was sanctioned hy all 
who had gone before him, and it was not till having in vain 
spent near five yeais in attempting to accommodate this hypo- 
thesis to the obsei vations, that he could peisuado himself to re- 
ject it. Piimiis^ mens eiror fuit viam planetoc perfectnm esse 
circulum; tan to nocentior lemporis fur, quanto erat ab authori- 
tate omnium Philosophorum mstmetior ot metaphysical in spe- 
cie convementior,” He aheiwaids proceeded by a method in 
which all conjectme was laid aside, t From the numei ons obser- 
vations of Tycho Biahe, that had been continued upwards of 
twenty years, ho obtained many distances of Mars fiom the sun, 
and the angles at the sun contained by these distances, and at 
last discovered that the cm vc passing tliiough the extiomities of 
these distances was an ellipse, m thismannoi aruving at a con- 
clusion, which he consideied as fully repaying him for his trou- 
ble. Ills attempts, his lepeated disappointments, all of which 


» This wfis merely acculoiUal Vid Kepler De Mollbus StcUw MaUla, p 53. 
^ Tie Motllnis SIcUbb Maitis^ cap 40, p, 102 
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ho 1ms ingonuouslyiecoided • Insieady invention in suimoimt^ 
mg difRcuUicsj his poisevexaiice at last ci owned with success , 
lomain as highly useful examples to shew the value of genius 
and industry united His adherence to the ciicnlai hypothesis^ 
which was puucipallysiippoitedby its antiquity^ afToids a useful 
lUusliation of tlio Inconveniences that may aiise fiom not taking 
Gxpcninont and observation for oui guides , and by his ultimate 
Success he inny bo said to have given an illiistiioiis example of 
Uml method of philosophising, which a few yeais afterwaids was 
so strenuously lecomincnded by Loid Bacon 

2L8 Keploi*s method, by which he at last obtained the or- 
bit of Mais, will sene as a plain example of the mannei of find- 
ing the orbit of a planet, and thcrefoie may be consideied as 
piopor for an elementary woik, although tho piesent advanced 
fetate of aslionomy furnishes otheis more convenient, but not so 
simple 

He considered the orbit of tho earth as civculai^the sun be- 
ing ai a small distance from the centre, which the observations 
of Tycho were not sufficiently accurate to contradict, the oibit 
of the caith deviating so little fiom a ciicle Thus he was ena- 
bled to ascertain with sufficient pi ecision the lelative distances 
of the earth from the sun at difterent times, and the angles de- 
scubed about the sun j having discovcied that the point of equa- 
ble motion was not, as astionomers at that time supposed, in the 
centre of tho circle, hut lu the continuation of the line joining the 
sun and centre, and equally distant from the centie as the sun ^ 
Let T and B (Fig» 32) be two places of the eaith, when 
Mats is in the same place of its oibit. (These times aiekno\vn 
from knowing the peilodic time of Mars) ; P Mais, and M its 


^ Tlie ancient astronoineia hart supposed tins to be so respect to the pln- 
uetB, but tho hypothesis had hcon lejectcrt by Copernicus It is only nearly true m 
llio 01 bits that are of small ccccutrlcily. 
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projection on tlio piano of the ecliptic , S iho sum I ho luipjloH 
MTS and MfSS are knoum tiom obseivntioiis: TS, mid 
angle TSE from knowing the orbit mul niolion ofthoonUln 
In the trinnglo TSE we can find STE and TJ^iS and hj I' roin 
these angles wc find MTE and MEjT, and thciioo hy h(dp o( 
TE wo coinpule MT. Knowing MT,TSj and iho included an- 
gle, Avc find MS 

MT ' MS : ^ cot PTM (geo lat) * cot PSM (hoi la(0 thus 
wo obtain the hclioccntnc latitude Then cos PSM (hel lal») 
rad. * ' SM PS. 

219. By the numcions obscivalions of Tycho Brahe, Ko))- 
ler was enabled to veiily the same distance fioni several ))aiis 
of observations, and also to find many dilleioni distances, and 
the angles nl the sun contained liy these distances. In this 
manner ho also found the giealest and least distances. Suii- 
posing the oibit cnculnr, he had from those iho diameter of iho 
circle, and he could deduce any other distance at pleusinc , by 
wliich moans ho compared the distances compuied on tliis hy- 
pothesis with the distances computed from observation, and 
found that the distances in the circle wore always groulor than 
the observed distances. lienco ho was assmod that the orbit 
was notoironlav, but oval. lie was at last led to try an ellipse, 
having the sun ifi one of the foci : this he found to answer hy a 
comparison of a great number of observations of Mars. I to 
soon concluded the same iriio foi all the planets, and soon asoor- 
tained that each clesoibed eqttal (oeas w equal thneii ) onncl the 
sun* 

220 The last discovery of Kepler was, that tlie squares oi* 
the peuodic times are as the cubes of the greater axes of the 
ellipses Tins discovery was made many years after Iho two 
foimer : he conceived there must be some relation between the 
motions of tlio lespcctive planets, which led him to search ibr 
that relation, and the abo^o law was the result, which seems to 
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have given him as much pleasiuc as any of his di&coveuea Wo 
now know that (Ins lomaikablc piopoition is a simple lesuU^ 
fiom iho punciple of iiiuveisal atiiaction which pci vaclcs all bo- 
dies How gieat must have been the satisfaction of Newton^ 
who fust cafahlishcd the existence of universal gmvily, and by 
tlic application of mallicmal^cal principles, shewecl that the tlnee 
famous discovciies of Kepler wci e noccssui y consequences of that 
nnivcisal pioperty of bodies 

221 Jt will not bo convenient hoie lo cnici into a faithcr 
clolail of llio methods by winch all the paiticulais of the ellipti- 
cal motions of the planets have since been established. They 
may bo found in the copious astronomical iieatiscs of Lalande, 
Piofcssoi Vinec, Dolambie, andoihcis. 

The computations made fiom the elements of iho elliptical 
inotions, agree so precisely with obseivation, that not a shadow 
of doubt can icniain, that the planetary motions aie performed 
accoiding to iho above laws; and all that may bo thought neces- 
sary heio IS lo show briefly, how the geocentric place of a planel 
may be computed fiom the elements of its motion in an elliptic 
orbit about the sun, and so compared with iho same given by 
obscivaiioiL 

222 When ti planet is at its gicutost and least distances fiom 
the sun, it is said to be in Apholio)i and PG)ihdwn The dis- 
tance of the sun from the centio of the ellipse is called the cc- 
ce7il) icUy of tJiG 0 )bU If iho angular motion ol the planoL 
about the sun were unifoim, the angle described by the planet 
in any interval of lime, aflei leaving Aphelion, might be found 
by simple piopovtion, from knowing the periodic time, in which 
it describes 3G0^ • but as the angular motion is slower near 
Aphelion, and faslci ncai Penhehon, to presoivc the equable 
de&ciiplion of areas, the luic place will bo behind the mean 
place in going from Aphelion lo Pcuhelion ; and fiom Perihe- 
lion to Aphelion, the true place will be before the mean phicc 
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'rlio fluglo ut tho Biincoiiluined liolwecn the true and mean place 
is calk'd tlio cqualion of ihv miUe I'ho angle between the 
Apliclioii and mean place is called the mmn anomalyi and the 
angle between tlie Iriio place and Aphelion, the true aiio^naly, 
223* Tho lablos give tho mean i)la(’o of Iho planet an its oi- 
})It at some given time, called tlie epoch , liom ihoncc the moan 
place at any olhei (iino may bo foiiiKb oithoi by Ihc tablcg, oi 
hy propoiUon ; if fiom this Iho place of tlio Aphelion bo sub- 
liActodj the mean anomaly of tlio planet is obtained, and fiom 
Ihonco llio true place is to bo found Tho nnmoious calcula- 
tions, now icqiiisito in astronomy, make it necessary that all the 
aid possible should 1)0 donved fiom tables* Accoidmgly tho 
tables give tho mean motion about the sun for years, days, hours, 
tlic ])laco of Iho Aphelion, and llio equation of the ceiilio 
and distance A’om tlio sun, for diflerent degrees of mean ano- 
maly. Thus we obtain tlio true ])laco of the planet as seen fiom 
tho sun, and its distance fioin the sun. The ditrcieiicc between 
Iho place in Us orbit and the place of the node gives its distance 
from Iho node 5 whence, fiom knowing the melimilion, wo can 
conipulo its angular dislanco on iho ccliptio fmm its node, and 
also its angular distance fiom the ecliptic, and thus find its hc- 
liocoiitiic longiludo and latitude. Hence, knowing tho oarlh's 
distance (rom the sun, and its place, as seen fiom the sun, wo 
can com pule, by the converse of the molhod in art 209 , iho 
geocentric IntUiulo and longitude. 

Tho host tables of the inotitmsof the planets contain tho cor- 
lections to bo applied, on account of iho mutual altraclien of 


Tlio IjUobI Ficncli tiibloa leclfon tho mioniiily Uom Foriliellon, Insiciul of 
Avh<‘lhjn, f\s Iuih been ufluul hlUicUo. Thlti wnn tloiie to mnkc tho mode of reckon- 
iiig Hhiiilu) to tluit ioi coinelM, ihe inoUonH of wlilch me ueccsBiuily eatimuted Aom 
IViihtliori, niul tliu liitoiiiloa bcenis to ho, ilmi in fatmo the miomtdy of the plancU 
should lie(onij[Uilca In the fiinic nmiincr. 
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the bodies of the system^ by which their motions aie disturbed^ 
and by winch also their nodes and Aphelia slowly change their 
places 

224 The true place of the planet in the ellipse^ oi the true 
anomaly^ may also be deduced fiom the mean in the following 
manner, 

Let AN (Fig 33) be the axis majoi of the oibih S the sun, 
P the plcinci, NLIA a sciinciicle dcsciibcd on the axis major, 
and ACL = the mean anomaly, Diaw IPD poipendiculai to 
AN, The aiea ACL ♦ nioa ALN mean anomaly , 180® , ; 
lime of dc&ciibing AP time of desciibing APN aiea^ ASP * 
aica APN • ♦ (liy prop ellipse) aiea ASI area ALN Hence 
aica ACL = aioa ASI Thcicfoiesectoi LCI = tiiangle SIC. 
But as LI is small, the space between the chord and arc is vciy 
small, andihoiefoie the triangles LCI and SIC aic neaily equal, 
and consequently Cl and LS aie nearly paiallel, and the angle 
LSC = ICD neaily. The angle ICD is called the Qccentno 
anomahi* The sum of the angles LSC and SLC = LCA 
the mean anomaly, CL + SC = SA, and CIj SC = SN 
Tlioicfoic (by trigonomotiy) Aphelion distance SA * Pei dist. 
SN * tan ^ moan anomaly tan ^difl angles LSC and SLC. 
Lot tins cliff. := D Then mean anom, + ^ D = LSC = 
ICA (the eceontiic anomaly) neaily, The cccciitiic anomaly 
so found may be easily farther collected, at pleasiuc, in the fol- 
lowing manner. Because the sector LCI = the iuanglc SCI, 
wo have^ LCI X CP =: sin SCI x SO X Cl or LCI == 

sin, ICD X SC ^ ^ n . 

jQ . Consequently, if we use the eccentric ano- 
maly just found, for ICD, the error of LCI will bo less than 
that of the sino of ICD, in the proportion of SC to CL Hence 


nAU 210. 

^ Not the tlogrces, &c in LCI, but thcinenBurc of LOJ to latliws unity 
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siibti acting LCI so Ibiuul, liom Uio mean anomaly, u imich 
nearer value of the ccccniric anomaly will bo hail. LTHing this 
now ccccutrio anomaly ns before, n slill nouror valiio will be liiicl, 
&c Two collections will nearly siilllco for all llio jilanolH. 
This is one of the most obvious inolliocls of (’oiTccIni^ (ho oo« 
oeiilrio nnoinaly found above, but not (ho host iuhiii(o(l (o ina<‘- 
ticc •" one imioli iioltcr may bo cloiived from it. 

The ccooiitric mioinnly being found, the true uimiiiaty iiiuy 
bo easily dodiicod, For, from thonco the angle ISC in tlio (li- 
nngle SCI can bo found, and Inn. ISD : Inn. I'SD : . ID i PI) : j 
axis major : axis minor. Thoroforo PSD is known.’’ 

225. I'lie pioliloni for fniditig (lie lino I'loin llio moan iino- 
nialy, or, which comos to the snnio, to divide (bo area of (ho 
soinicirt’lo, by a lino drawn from u point in Iho dininolor, m a 
given ratio, has long boon colobrntoil, and known by (lio iiiiinu 
of Kepler's problem bo first ondonvourod to solve it in coiise- 
qucnco of his discovery, (lint a plunot doseriht'.s criunl uituh in 
equal liinos, about Uio sun. No o\acl solution can bo giioii, 
it must bo done oithoi by conlinuod approximation, or by help 
of ft senes. 

220. Astronomers wore not long in adopting Kepler’s dis- 
covery of the cllipllcftl motions of llio planets, but they long ho- 
silatod in ndopUng tho oqunblo doacripliou of areas, in coiiso- 
qiionco of the difiicuUy it involved of finding llio (rue from the 
moan place. They instead Ihoioofhad I’ocoiuso to sueli hypo- 
dieses for Uio law of motion, as would aflTord (Ik'iii easy iiilcs 
for finding iho true from the mean place, and at the hmui! lime 
would give the computed place nearly willihi (bo limits of llie 
errors of observation. One of (lio most celebrated wns lliut of 


® Vlita Appendix, 

Thisj nUhough olivlouui 1 b not bWt lulupiod for prutUcc. For (un. ] CbCchi 
niiom, , inn, 4 tiuo ituom i . ViiphTTllBri v^pw vltlo Appcnaix 
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Setli Wald/ fenown by the name of the Simple EUij^tic Hypo- 
thesis ih value was derived, not from its accinacy, but from 
the elegance of the analogy used, lie supposed the motion 
equable about Uie focus in which the sun was not j and fiom 
thence it easily follows^ that the Aphohon dist, : Peuholion 
dist : « tan ^ mean anomaly Ian ^ tine anom. The anomaly 
thus found, may sometimes differ in the oibit of the planet Mer- 
ciny 33' fioin the tuith, and in that of Mars 7' The laws of 
motion assigned by othei authois diflTcicd less horn the truth, 
but lequiicd moie coinjdcx computations* As no satisfactory 
leason could bo assigned foi Kcplel^slawJ any other law that 
appealed to shew with equal accinacy the motions of Iho pla- 
nets about the sun, had an equal claim to attention. This oc- 
casioned the invention of seveial different hypotheses before the 
time of Sir Isaac Newton . but his discoveries having fully csla- 
hhshed the Keplenan law, they vvoic soon laid nsido. 

The fust appioximation above given for the ccconlric ano- 
maly, may occasion an error of 5' in the anomaly of Mercury, 
of 20^' in that of Mars, &c 


^ n )ms gcnemlly gone by ibc name of Wnur<} Solution , yet lie did not claim 
it na Ills oi\n, but iicAnowlcdgod himiiclf indobiocl to Boinlllald for the hint Umt led 
him to It. The Is, that Keplci lilmscll was not ignorant of it as an iqvpioxlnui- 
tjou, butrt^ccted it ns notsufBclcnlly nccnratCf 
^ Trans Hi I Aeadomy, voh ix p 143, Ko 
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227, The following tabic exhibits tlic elliptic olemeots of 
the 01 bits of the piincipal planets 
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CHAPTER XIIL 

ON THE motions OF THE MOON — SATEILITES — COMETS 

228. The saielhles alsoicvolve in elliptic oi bits loimdthcii 
respective pumaiy planets, having the same law of periodic 
tunes, but considciable deviations fiom the equable desciiption 
of aicas take place, in consequence of the distmbing force of the 
sun on the satellites, and of the satellites on each other. 

The moon being a aolitUiy satellite, we cannot apply the law 
of the pel loclic time to it But its oibit is neai ly an ellipse, and 
it neaily descubes aieaspioportional to the times, the deviation 
from which arises fiom the distuibing foice of the sun Tins 
ellipse, however, does not ictain the same position j that is, its 
points of gieatcst and least distance, called its apogee and^cn*- 
g*ec, do not ictain the same position, but move accouhng to the 
ordei of the signs, completing a revolution m about nine y^ars 

The laws of the principal megulanties^ of the moon weie 
discoveicd long bofoiolhc cause of them. 

229. The gieatost diffeioncc between the true and mean 
place of the moon, aiibiug fiom its elliptic motion, oi the gi cut- 
est equation of the centre, is 6^ 18', and this is the most consi- 
dciable dovlalion from its mean place. But besides the quick 
motion of the apogee, completing a i evolution in nine years, the 
ccccntiicity of the ellipse is also variable, hence the motions of 
the moon appear so iiiegulai, that it would have been almost 


® The corrections for these irregularities (improperly so called) are styled 
ciiuntions. 
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impos3il)lo lo huvo devoloppcl the elliptic motion fiom Uio phie- 
nomcna j nnd theicfoie wilhoiil u kiiowlcdgo of the foim of the 
pltmctui'y ovl)its,ilis Imully to ho gnpposecUhal nn ellipse conUl 
have been miphed fur cxpliuniiig the motions of the moon, al- 
though at first sight the supeiior advnuingo of being in the con- 
tiQ of the Dibit might load iislo siip\x)so that the laws of its mo- 
tions would bo moio easily known. 

230. The periodic time of the moon may bo nscoitained 
with groat cxiictnossfromtliie compaiison ofanciont eclipses with 
modorn observations. At an eclipse of the moon, the moon be- 
ing in ojiposilion lo the sun, its place is know'ii from Ibo snn*s 
place, which can, back to tbo icinotcsl antiquity, lie computed 
with piecision. Three eclipses of the moon, observed at Jlnby- 
lon in the year 720 nnd 719 b. o. are the oldest obsc'rvnlions lo- 
corded with sufTioicnl exactness. By acompniison of these with 
modorn observations, tlio periodic lime of the moon is found to 
1)0 27'* 7*' 43‘" 11*^, not diiroiing a second from the losiilt ob- 
hiincd by iccent observations. Yot we cannot use those ancient 
obscivalions foi determining the mean motion at the present 
time ] for by a comparison of the obovo-monlioiied eclipses with 
eclipses observed by the Arabians in the 8th and 9th centuries, 
and of the latter with the modern observations, it is well ascer- 
tained that the motion of the moon is now accolerntod. This 

« 

wna first discovered by Dr. TTaUoy> and, sinco his timoj has boon 
j)orfecUy ostabllshod by more minute computations, l^or a con- 
sidorablc time the cause remained imoxplaincd; till M. La- 
place showed it to be a variation of a very long period; arising 
iVom the disturbance of the planets in changing the eccontrioity 
of the oQrth^a orbit, Ho has computed Its quantity, which closely 
agrees with that deduced from observation. Tlio moon’s secu- 
lar motion, tho motion in a century, is now 7'^ greater than it 
was at the time the above-mentioned eclipses wore obsoivod at 
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231 The two piincipal corrections of the mean place of the 
inooHj Lesicle that of the equation of the centio, me called the 
evection and variation. The evection depends upon the change 
of the eccentiicity of the inoon^s oibit^ and sometimes amounts 
to 1° 20\ This was discoveied by Ptolemy* The vailation 
which was discovciod by Tycho Brahe depends upon the angu- 
lai distance of the moon from tlic sun, and nmounis, when 
gieatest, to 35' The other collections anso only to u few mi- 
nutes* But tliQ number of coircctions or equations used at pre- 
sent in computing the longitude alone of the moon, arc Ihiity- 
two, and in computing the latitude, twelve* 

232* It was before mentioned, that the nodes of the lunar 
orbit move reliogiade, completing a revolution in eighteen ycais 
and a half* Tliis motion is not imiforin* The inclination of 
the orbit remains neaily the same, but not exact. The motion 
of the apogee is subject to consideiable iiTogularities i its line 
place sometimes differs 12|® from its mean place. This was 
known to the Aiabian astionomcis, but seems to have been fiist 
nccmatoly stated by Horrox, whoso extiaordmary astionomical 
attainments will be aftevwaids noticed lie shewed tho law of 
its change, and gave a construction for determining its quantity, 
which was adopted by Newton, 

233 On all these accounts tho compulation of the exact 
place of the moon fiom theory is very difficult, and the foimation 
of proper tables is one of the groaiesl intricacies in this scionco, 
No small degree of credit is duo to the mdustiy of tliose 
Vvho, by observation alone, discovered tho laws of the piincipal 
i 1 1 egulai itics Ptolemy, by bis observations and i escarches, do- 

tei mined the principal elements of the lunar motions with much 
exactness. Horrox, who adopted the discoveiies of Kepler, 
formed, about the year 1640, a theory of the moon, foupded 
partly on hia own observations* From this theory, Flametead, 
about the year 1670, computed tables, which he found gave the 
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place of the moon fai more* acciuolo than any other. l'’lnnisteu(l 
himself soon nftei fuinished ohservulions, by which Sirlsuuc 
Newton was enabled to investigntcj by the theory of gravity, the 
liniai iuegulniitios, which he has given in his over memorable 
work. Notwithstanding the field opened by the publication of 
the "Piincipia,” and the known necessity of exact tables of tlio 
moon for the discovery of the longitude at sea, seventy yeais 
elapsed from the publication of that great work, befoio any tu» 
bles were formed for the moon, which gave its place within one 
minute. Claiiaut made, after Newton, the fust coiisidcrablo 
advances in the improvement of the lunar theory from the iirlti- 
ciples of giavilation Professor Mayer, of the university of 
Gottingen, (inst published tables, by which llio moon’s place 
might bo computed to one miniilo. I’lu* mgonuily oxlubitod 
in his theory and tables, and the incredible labour exerted in 
then computation and verification, will always roudor lua me- 
mory distmguisliod, X-Ic died in 17(12, at the early age of 
thirty-nine, worn out by his gicat and mcossanl exertions. Ills 
widow received fiom the British pailiumcnt a reward of XilOOO. 
About the year 1780, Mi. Mason, under the direction of Dr. 
Maskolyne, to whom modern astronomy is so much iudoblod, 
improved, by considerable alterations and additions, llio tallies 
of Mayer. Till very lately these wore the tables generally used. 
Improved tables have now been furnished by M. Burg of Yiomui, 
which appeal to give the place of the moon to less than twenty 
seconds. Tlio impiovemcnts in these tables were founded en- 
tirely on the observations of Di, Maskolyno, for which purpose 
3600 places of the moon, observed at Giconwicli in the space 
of about thirty years, weio used, 

The tables of M. Burg have been superseded by those of M. 
Buiokhaidl, which are'now used in computing the JVauUoal 
JltmnaC) and Conn, des Temps Tliey are probably more ac- 
curate, and certainly moie convenient than those ofM. Burg. 
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234., Eclip&os of Jupitei’s satellites fuimsh us with ready 
methods of finding the pi incipal elements of their orbits. Then 
mean motions about the centio of Jupitei arc deduced by ob- 
serving^ after a long interval, the time elapsed between two 
eclipses of the same satellite, when Jupilei is near opposition. 
In this manner the mean motion may bo attained to with gieat 
accuracy The places of the nodes and the inclinations of then 
orbits, may be found by obsciving the diflcient diualions of Iho 
ccli]ises of the same satellite Then oibits aie all inclined by 
angles less than 4® to tlio plane of Jupitcds oibit, The two (list 
satellites move m orbits vciy ncaily ciiculai, as astionoinci's 
have not been able to detect any occcntucity, The third has a 
vaiiablc ccconlucity The oibit oftlie fourth satellite is moro 
occcntuc The inclinations of iheii oibits, and the places of 
their nodes, are variable 

The complete illustiaiion of the motions of the satellites 
fiom gravity was, till about Unity yeais ago, a desideiaUim m 
astionomy Tlie atti action of the satellites to each othei prin- 
cipally occasions the dilliculty M, Laplace has smee fully de- 
veloped thou motions, and furnibhcd Theorems, by which M 
Dckmbio has computed tables, which give the times of the 
eclipses with gieat exactness, 

233 It is a very remarkablo ciicumslanco, that the mean 
longitude of the first satellite, togolhei with twice that of the 
third, always exceeds Unce times the moan longitude of the se- 
cond by 180^ Fiom whcnco it follows, that tho mean motion 
of the first, together with twice that of the third, is equal to 
till CO times tho moan motion of tho second M. Laplace sup- 
poses this was only ncaily true with respect to the piimiUve 
motions, and that the mutual action of the satellites rendered 
tho relation exact, as wo find it From tho formei relation it 
follows, that the ihioo innoi satellites can nevei be eclipsed at 
the same time, 

M 


162 


I'tl MPN'rS OF ASTUONOjn. 


[ciIAF. XIII 


Tlio three inner salolliles of Jiipilcr leluru to the aimu' jio- 
aitioii, withicspecl to one another, in437| tlnyb. Ilonco lliis is 
the period of the irregularities of the three first satellites arising 
fiom theii mutual cllstnrbnnco. 

230 Little more is known of the snlolhtos of Saturn than 
their pel iodic times and distances from Saturn, and that the 
planes of the orbits of the first six are nearly in the piano of the 
ling, while that of the seventh is v-OiiBidorably inclinod to that 
plane. 


ON THE ORBITS AND PERIODIC RDTORNS OP COMETS. 

237. When a comet appears, the observations to bo inudo 
for asceitaining its oibit are of its declinations and nglit asci'ii- 
sions, fiom which the geoccntiic latitudes and longitudes uio 
obtained These observations of right ascension and doclina- 
tion must be made cither with an oquatorcnl nislnunonl, or by 
measuring with a miciomotcr, the dificroncos of the docliiialion 
and right ascension of the comet, and unoighboiuing fixed star. 
The obsoivations ought to Ijo made with the utmost cure, ns a 
small error may occasion a considerable one in the orbit. 'The 
orbits of the planets being elliptical, it would naturally occur to 
try whether the motions of the comets are not also in elliptical 
orbits. But here the diflioulty is much giontor than foi tlio 
planets. Foi the latter wo have obsoivations in every part of 
their nearly circular orbits For the cornels wo have olisorvn- 
tions only in a small part of thou orbils, wliicli aio very ecceii- 
tiic, and of which many make considerable angles willi tlio eclip- 
tic. Hence to determine the orbit of a comet, Iroiii such oli- 
servations as we can make during its appearance, ranks among 
the most difficult problems in astronomy. 

238 Befoio the time of Newton, astronomers oilhor did not 
suppose their oibits elliptical, or dospauod of being able to do- 


CHAP \m ] 


oi« coMn^ 


1G3 


teimnie thoni lioni obscivation Not long, howevei, belopo llio 
publication of tho "Piincipm/’ M. Doerfoll, a Gennan, found 
tliat tlio inoiion of the famous coniot of 1680, might be iieaily 
icpiesented by a paiabola, having the sun in its focus Tins 
comet appeared to appioach the suii dncctly, and clesconcl from 
it again lu the same mannei 

When the action ofgiavity was subjoctocl to cnlculalions hy 
iho illustiious Newton, the lliooij of the motions of comets be- 
came poifoctly iindct stood, and it was concluded that then oi 
bits m gencial wcic veiy ccconliic ellipses Bui in computing 
an Glint fiom obscivations, all wo nie in gcmcial able to do, is 
to leprcscnt, with accuiacy, the comet’s motion while in the 
noighboniliood of the sun, and viwlilc to us Wo can do this 
by supposing the orbit a paiabola, and on that hypotliesis, 
computing its elements, in which way we can dctcimine its path 
with siifflciont exactness to make the obscivcd and computed 
places agice very nearly with each olhei It is seldom, indeed, 
that we can expect to compute the elliptic orlnt from the few 
obseivations we aie enabled to make Wo may, it is tino, de- 
duce nifuiy occenluc ellipses that will icpio&ent, with the same 
accuiacy as the pniabola, the appaient motion Wcio wo to at- 
tempt to computG tho exact ellipse, tho necessary ciiois of ob- 
sci valion would lender oui conclusions quite uncci taiix Hence, 
in general, wo have no knowledge of tho axis, and consequently 
of tlio pci iodic lime, but from former obsoivaiioiis of iho same 
comet. 

239. Theio are five elcmcnls which wo may consider as do- 
termining the identity of a comet ' tlicse arc tho Perihohon dis- 


a Jsii Isaac Newton fliat gave the solution of this pioblcm, ^\hn^l he calls "longe 
(linidllimum/* DlfUientfiOludaiis have since hcen given hy vnnoiis unlliois 'Xlie 
ho*i( sooms to he that of I-iupIncCf (ftrecfluiciitc CclcstCf tom Ij p 221 ) 
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tance^tliG place of the Peiihelion, the place of the nocle^ the in- 
chnation of its oibitj and its motion being clhcct or ictiogiade. 
If two comets, lecoided in histoiy, aie found to agree in these 
ciicumslancGs, tbeie can hardly be any doubt of then identity, 
and consequently we obtain the Knowledge of its pci iodic lime, 
and aie enabled to point out the future appeal anccs of the 
comet 

240 Dr Halley lound that the comet which ho observed in 
1682, agieed in these circumstances with that obseived by Kep- 
ler m 1607, and with that obseived by Apian in 1531, whence 
he foictold that it would re tin n again in the latter end of 1758, 
remmking, that it would be retaided by the atti action of Jiipi- 
lei Its motion was letiogiade, and the elements of the oilnt 
deduced by Di\ Halley fiom the obsei rations of Apian in 1531, 
of Keploi in 1607, and of himself in 1682, also the elements de- 
duced fiom the observations in 1759, weie as follow * 


Passage tRrougli 
Pcuhcliofi 

Per (list 
HA) tli’s (ll8 
unity 

Place ol 
PcTiholion 

Place of 
node 

Inoliuution 
to cdipllc* 

JD 11 


» o' 

H 0 ' 

o ' 

1531 Aug. 21 18 

,507 

10 1 39 

1 10 30 

17 51 

lfi07 Oct 20 8 

,587 

10 2 16 

1 20 21 

17 2 

1882 Sep a i 

,583 

10 2 52 

1 21 10 

17 58 

1759 Mflr 12 a 

,685 

10 8 8 

1 23 45 

17 40 


This comet was letaided by the action of Jupiter, ns Di. 
Halley had foietold This ictaidation was more exactly com- 
puted by Claiiaut, who also calculated the retardation by Sa- 
turn The lesult of his computation, published befoio the re- 
turn of the comet, fixed Apiil 15 foi the time of the passage 
thioiigh Perihelion it happened on Match 12. Di\ Halley's 
own computation appears also very exact, when it is consideied 
that he did not allow for the letaidation by Saturn 
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A comet was expected in 1789j because one obscivcd in 
1533 was supposed to bo the same ns. one observed in 1661 
Ilalloy mentioned the probability of their bciii!^ tlio same, ])ut 
not with confidence, and the event lias made it veiy doubtful 
whether flicy woio the same. 

2^1L An ingenious computation has been made liy Laplace 
from the docliine of chancesj to shew the probability of two co- 
mets being the same, fiom a iicai agiooment of their elements. 
Jtis unneccssaiy to detail at length the method lieio, It sup- 
poses that the mnnbei of dillbient comets docs not exceed one 
million, a limit piobably sufficiently oxtonsivo. The chance 
that two of these, diffcimg m their pei iodic times, agree in each 
of the five elements within ceitaiu limits, may be computed, by 
which it was found to bo as 1200 I that tho comets of 1637 
and 1682 woio not diiTercnt, and thus Halley was justly almost 
confident of its re-appeaianco in 1759. xVs it did appear then, 
wo may expect, with a degree of probability approaching almost 
i\ithoiit limit to ceitainty, that xt will rc-appcai in 1835 nt the 
completion of its peiiod^ But with icspeet to the comet pre- 
dicted foi 1789, fiom the supposition that those of 1661 and 
1532 weie tho same, the ciiso is widely diflbicnt Piom tho dis- 
crepancy of tho elements of these comets, the piobabilily 111 at 
they WOIO Ihc same is only 3 to 2, and we cease to bo surprised 
that we did not see one in 1789. 

Comets that appeared in 1264 and 1556 arc snjxposod to 
have boon the same, wlieiico this comet may again be expected 
in 1848, 

242. A comet appeared in 1770, very lemnikable from the 
iGsult of the compulations of Lcxell, winch indicated a period 
of only SJ yams j it has not been observed since. Thoro can 
be no doubt that tho periodic lime of the orbit, wliicli it de- 
scribed in 1770, was justly dclcinnnedj for M, Biuckliardthns 
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since, with gieat cwo^ le-compulcd the observations, and his lo- 
suit gives a periodic tune of 5^ years « 

Lexcll had lomarkod, that this comet, moving in tho orbit 
he had mvesligaied, must havo been near Jupiter in 1707, and 
and would also be very near it again in 1779, fiom whence lie 
concluded that the fonnev approach changed tho Perihelion dis- 
tance of the orbit, by which tlic comet became visible lo us, and 
that in consequence of the luttci appioach, tho Perihelion dis- 
tance was again increased, and so the comet again heenme invi- 
sible, even when near its Pcuhollon This explanation has been 
in a mannei confiimcd by the calculations of Burckhavdt, from 
foimulas of Laplace He has found, that hefoio llic approacli 
of Jiipitoi, m 17G7, the Peiihchon distance might have been 
5,08, and that after the approach in 1770, it may havo liecome 
3,33, the eai Ill’s distance being unity, Willi both Ihoso 
l^cuhehon distances the comet must have been invisible diu- 
mg its wliole revolution Tho J^uhehon dislanco in 1770 
was 0,G7, 

243 Tins comet was also reinaikahle by having appioueliod 
ncnier the caith tlimi any olhci comet that has been obsovvod * 
and by that approach having enabled us to ascertain a limit of 
its mass oi quantity of matter I^npluce 1ms compulod, that 11 
it had been equal to the emth, it would havo shortened the 
length of our yeni by ^ of a day Now it has been perfectly 
ascei tamed, by the computations of Delnmhro on the Gieonwich 
observations of the sun, that the longlli of the year has not lioon 
changed in consequence of the nppioacli of that comet by any 
peiceptiblo quantity, and Ihcnco Laplace has concluded that 
tho mass of that comet is less than of the mass of tlie 
oaitlu The smallness of its mass is also shewn by its Imving 


“ LnpUico Mouniquo ccloslc Uom, I, p 223 
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traversed tliG oibits of the satellites of Jiipitoi without Imvmg 
occasioned any alleiatioii in then motions Fiom these mid 
other ciicumstanccs^ il seems pioliablo that the masses of the 
eomets aio in general veiy incoiisideiablo i and therefoie that 
astionomois need not be undei approhonsions of having then 
tables dorauged m consequence of tho nem appioneli of a 
comet; to tho earthy or inooU; oi to any bodies of (ho system 
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CHAPTER XIV. 

ON EOLlrSES OP 1 HE SUN AND MOON—TnANSITS OP VENUS AND 
ISIBRCUUY OVER THE SUN’s DISO. 


244 The eclipses of tlic snn and moonj of all Uio celestial 
phenomena, have most and longest engaged Uic attention of 
mankind They aie now in eveiy lespcct less inteicsting than 
formeilv; at fii&t they wcio objects of supcrslitiou , no\(jl)0- 
foie the improvements in insimments, they scivcd foi perfecting 
nstionomical tables ; and last of nil, they assisted geogiaphy and 
navigation Eclipses of the sun still continue to be of impor- 
tance for geogiaphy, and in some measure for the venficnlion of 
the tables 


ECLIPSES OV THE MOON. 

245. An eclipse of the moon being caused by tlio passage 
of the moon through the conical shadow of the earth, the mag- 
nitude and dination of ilie eclipse depend upon the length of 
the moon’s path m the shadow 

Let AB and TE (Fig. 31) be sections of the snn and earlli 
by a plane, peipondicular to the jilano of the ecliptic. Lot 
ATV and BEV touch those sections externally, and Bl^G and 
AMN internally Let these lines bo conceived to revolve 
about the axis CKV j then TVE will form the conical shadow, 
fiom eveiy point of which the light of tho sun will be excluded. 
The spaces between GT and PV and between VE and MN will 
form the 2iGfitmibra; from which tho light of part of tho sun will 
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be excludocb moie of it from the pads iieai TV and EV than 
fiom those near l^G and MN 

The semi-angle of the cone (TVKj z=: sem* dmui. sun 
(CTA) — hoiizontal pniallax of the sun (TCK) The angle 
subtended by the semi -diameter of the section==SKV :r:TSK*— 
KVT = horizontal parallax of the moon + hoiizontal painllax 
of the sun— semi-dianictei of the sun 

The angle of the cone being kiiowHi the height of the sha- 
dow may be computed Eoi height of shadow * rad of eaiih ; » 
rad * tan ^ angle of cone > also the diameter of section of the 
shadow at the moon is knowtij foi ^ SO * dist. moon j lam som 
diam» of Section of shad ladms 

The height of the shadow vaiies fiom 213 to 220 semi-el ia- 
meters of the emth, and nearly vaucs invoiscly as the apparent 
diameter of the sum 

246 When the moon is entirely imnicrsod in the shadow, 
the eclipse is total ; when only part of it is involved, partial ; 
and when it passes through the axis of tho shadow, it is said to 
be coniml and total Tho bxcadth of the section of tho shadow 
at the distance of the moon is about throe cUamciers of tho 
moon, ihcicfoic when the moon passes thiough the axis of tho 
shadow, it may bo entirely iii the shadow foi noaily two lioius 
(mt. 1320 

Tho angle SKV is, when gicaiest, about 46' • llioteforo ns 
the moon’s latitiido is sometimes above it is evident an 
ccllpso of the moon can only take place when it is neni its 
nodes. 

247. The circumstances of an eclipse of tlio moon cun bo 
readily computed. Tho lat, of the moon at opposition, ilio time 
of opposition, the hoi izonlal parallax of the moon, and cllaitie- 
tors of the sim unci moon arc known fiom the tables. Lot Iho 
circle OCK (Fig 35) lepiesent the section of ilio shadow at 
the moon, BF the path of tho ccntio of Iho moon, OC the eel ip- 
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tic, mid CL the latitude of the moon nt opposition In the right 
angled timngle CHL wo know CL and IICL inclinu- 

tion of the lunar orbit nearly) Hence wo find II C and IIL. 
lie nevei diffeis inoio than a few seconds fiom 01^ I'kom 
lie and CF (the sum of the semi-dminotois of the section ol’ 
the shadow and moon) we compute FII ( =IIE) and thence EL 
andLF By the tables wo can compute the angular velocity of 
the moon in its oibit relatively to the sun (or its opposite point 
C) at lost Thence we can find the lime of describing I'L and 
LE, 01 the time fiom the beginning of Ibc eclipse to opposition, 
and the time from opposition to the end And as the time ol 
opposition lb known, the limes of beginning and ending of tbe 
eclipse aie known* 

If the diametoi ihllt of the moon bo divided into twelve 
equal parts, called digits; then, according to the numboi olHliese 
in h% the eclipse is said to bo of so many digits 

248 The greatest cliatanco of the moon, at opposition, liom 
its node, that an eclipse can happen, is above 1 l-J", and is called 
its ecliptic limit When the moon is noaicst llic earth, lot CD 
(Fig 36) lepicbont the semidiamotor of the shadow at tlio 
moon, and LD the semidiamelcr of the moon louchhig it ; LN 
the apparent path of the moon, and N the place of the node. 
Tlien NO Is the limit of the distance of the node from conjunc- 
tion, at which ail eclipse can happen. 

Sin, angle N (5^ 17') • rad. . sm CL (som* moon +"sem. 
^>ection r= 63' wlieu greatest) sin. NC (11^^) 

249. If the moon’s nodes were fixed, eclipses w'ould always 
happen at the same time of the year, as we find tho tiansits of 
Venus and.Mevciny do, and will continue to do for many ages . 
but as the nodes perform a revolution backward in about 18J 
years, the eclipses happen sooner every year by about niiielccii 
days, 

III 323 lunations, or 18 years, 10 days, 7 hours, and 43 mi« 
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iRitob, 01 18 years, 11 clays, 7 hours, and 43 mmiiles, uc cording 
ns theio uvo live or four leap years in the inleuiii, tlio moon lo- 
luins to the same position nearly with respect to the sun, lu- 
nar nodes, and apogee, and Iherefoie tho eclipses ictuin nearly 
in the same circinnstances thispoiiod was called the Chaldean 
Saios, being used by the Chaldeans foi fovelolling eclipses. 

250 Fioin the lefraction of tho sun’s light ])y Iho atmos- 
pboic of the earth, wo aie enabled to sec the moon ui a total 
eclipse, when it generally appears of a dusky lod colour The 
moon has, it is said, cntiicly disappeared in some eclipses 

Tho Penumbra makes it very chHicult to obsorvo acciualely 
the commcncomoni of a total eclipse of tlio moon j an crroi of 
above a niinuto of time may easily occiu. Hence lunar eclipses 
now are of htllo value foi finding gcograpblcnl longitudes. 
The best method of observing an eclipse of iho moon is liy 
noting the limo of the entrance of tho diflbiont spots into tho 
shadow, which may bo considered as so many cliflbrent obser- 
vations. 

J CMPShS OK TUF SUN 

251. Prom what has boon said of lUo eaiibS shadow, it is 
easy to sec that llio angle of the moon’s shadow is nearly cipial 
to the a])paionl diameter of the sun Hence we compute lhai 
the Icngtli of llio conical sliadow ofilio moon vanes fioni 00^- to 
55i semKhameters of tlio earth, Tlio moon’s distance vaiios 
from 65 somichamoLcvs to 56, Tlicrcfore soraciimos wlion tho 
moon is in conjunction witlx tho sun, and near her node, the 
shadow of tho^moon reaches tho earth, and involves a small por- 
tion m total darkness, and so occasions a total eclipse of the 
sun, Tho part of iho cnilh involved m total durknoss is always 
very small, It being so noai tho vortex of Iho cone x but tlio part 
involved m tho Penumbra extends over a considorablo portion 
of the homisphore tin nod toward the sun; in these parts tho 
sun appeals partially eclipsed. 



172 ELEMENrS OF ASTRONOMY, j[ciIAr, MV. 

252 The length of the shadow being somelimes less tlmii 
the moon’s distance fiom the oaitli, no pait of the eaitli will bo 
involved in total dailcncss j but llio inhabitants of those places 
near the a\is of the cone will sec an annular eclipse, that is, an 
annulus of the sun’s disc will only be visible. Thus let TIh', 
LU (Fig 37) be sections of the sun and moon. Pioducc tlio 
axis SV of tile cone, to meet the earth in 13 , from T3 diaw tnu- 
gents to the moon, inteisecting the siin in land N The circle^ 
of which IN is the diameter, will be invisible at 13, and the an- 
nulus, of winch IH is the breadth, will bo visible. 

It has been computed that a total cchpso of the sun can ne- 
ver last longei, at a given place, than 7^'^ 38% nor be amiulnv 
longer than 12”^ 24®. The diameter of the gi cutest section of 
the shadow that can reach the ctuih is about 180 miles. 

253 The geneial ciicumslmices of a solar eclipse may ho 
1 epresented by a projection with considerable accuracy, and a 
maj) of its pi ogress on the surfaco of the earth constructed. 
(Piofessoi Vince’s Asti on. voL 1.) 

The pluenomcna of a solar cchpso at a given place may bo 
well undei stood by considering the appaient diametcis of the 
sun and moon on the concave surface, and thoir distances us 
afTccted by parallax. Wlien the appaiont diameter of the sun 
IS gieutei than that of the moon, the eclipse cannot bo total, but 
it may be annulai, 

Fiom the tables we compute foi die given place the time 
when the sun and moon aic in conjunction, that is, have tlio 
same longitude Fiom the hoiivontal parallax of (he moon, 
given by the tables, at this time, we compute its effects’^ in lati- 
tude and longitude , by applying those to the latitude and Ion*- 
gitude of the moon, computed fiom the tables, we get tlie appa- 
ient khtude and longitude, as scon on the concave surfaco j and 


* Or rather the effects of the (Ufferouce of the jJaraUnxes of the sun luul meoii 
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knowing the longitude of the siin, wo compute the appnieut 
distance of their ccnties, fiom whence wc can nemly conclude 
tlie time of the beginning and ending of the eclipse^ especially 
if we compute by the tables tlie appaient lioraiy motion of the 
moon m latitude and longitude at the lime of the conjunction. 
About the conjectured lime of beginning, compute two or three 
nppaienl longitudes and latitudes, and fiom thence the appa- 
lent distances of the centres, fiom which the time may bo com- 
puted by piopoiiion when the appaient dislmico of the cciities 
IS equal to the sum of the appaient semidimnclois, that is, the 
beginning of the eclipse In like manner the end may bo de- 
termined. The magnitude also of the eclipse at any time may 
be thus deter milled let SE (Fig. 38) be the computed appa- 
lent difference of longitude of the centios L and S, LE the 
computed appaient latitude of the moon. In the tiianglo LSE 
we have therefoio LE and ES to find SL the distance of the 
centi es. Hence m7i (the breadth of the eclipsed part of the 
sun) = L?i + Sw— SL IS known. 

254 The ecliptic limits of the sun (the gioatest distance of 
the conjunction from (ho node when an eclipse of the sun can take 
place) may be found as follows let CN and NL (Fig 39) bo 
the ecliptic and moon’s path, and CN the distance, when great- 
est, of the conjunction from the node; as the angle N (the in- 
clination of the orbit) may be considoied as constant, when CN 
IS gi eatost, CL, the true latitude of the moon, is greatest. The 
iruo latitude r: apparent latitude ±. parallax in latitude == (when 
an ccH|)se bmely takes place) sum of the somidiamolers + 
parallax in latitude. Thoiefoio at the ecliptic limils the paral- 
lax m latitude is the gicaic&t possible, that is, when it is equal 
to tlio hori 5 {onlal parallax Hence CL somidiameter moon 
4- sem. diam. sun + lioi par. moon.^ Therefore CL (when 


^ Ilia searculy nctcsbiiiy to mention the lioii/oiitul parallax of ihc sun in llus 
^esUgaOon It aliouhl propn 1) be theburlzonial paialirtx oftho moon--'Jioi‘. pan BUiu 




rLEUCmS OP ASTRONOMY 


174 


[OIIAV. XtV, 


greatest) 33' + 61' (= 1® 34') noaily And becauso sin. 

NO _ cot. N _x = 17“ 13' noaily, An 

lad. 

, eclipse may happen wjthin this limit) but if we take CL = 30^ 
+ 54' (the least dmmeleis and least parallax) 1^ 24' we find 
NC = 15^^ 19' and an eclipse must happen within this limit. 

255 There must bo two eclipsesj at least, of the sun every 
yeai, because the sun is above a month in moving thiough the 
^ polai ecliptic limits. But there may be no eclipse of the moon 
in the couise of a yeai, because the sun is not a month m mov- 
ing lluoiigh the lunar ecliptic limits. 

When a total and ceniial eclipse of the moon happens, thoro 
may be sohu eclipses at the new moon pi eroding and following, 
because, between new and full moon, the sun moves only about 
j 15®, and therefore the preceding and following con junctions will 
be at less distances fiom the node than the limit for eclipses of 
the sun As the same may take place at the opposite node, 
thcie may be six eclipses in a ycai. Also when the fust eclipse 
' happens early in January, another eclipse of the sun may take 
place near the end of the year, as the nodes retrograde nearly 
» 20® in a yeai Hence there maybe seven eclipses iril^lifle yeai, 

^ five of the sun, and two of the moon ^ 

^ 256. Thus moi^ solar than lunar eclipses happen, but few 

solar ,aie visible at a given place. 

A total eclipse of the sun, Apiil 22, 1716, was seen in most 
parts of the south of England A total eclipse of tho sun had 
not been seen m London since the year 1140 

Tlie eohpse of 1715 was a very remarkable one , during the 
total darkness, which lasted m London 3*^' 23«, the planelj^ Jupi- 
ter, Meiciiry, and Venus were seen j also the fixed stars ^apella 


» An GO, 83, and 132 

^ Or four ol Uie sun and llnec of the moon — Ei) 

{-^ i 
/ 
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Olid Aldeliniftii Di Halley has given a vevy interesting ao- 
ooinit of this eclipse/ which is said by Maclaiuiii to he the best 
dosciiption of an eclipse that astionomical history afibids. A 
paiticular nccoiiiit is also given in the Phil. Tiaiis* by Mnclau- 
1111 of an annulai eclipse of the siiiij obsoivcd in Scotland, Feb. 
18, 1737. JIo renmiks, that this plitenomenon is so larc, that 
ho could not meet with any paiticulai desciiption of an annular 
eclipse lecordod. This eclipse was annulai at Edinburgh dui- 
iiig 48^ 

257. The hcginnnig and end of a solar eclip&o can be ob- 
served witli considerable exactness, and aio of gicat iiso in dc- 
toiminiiig the longitudes of places* hut the computation la com^ 
ple\ and tedious, fiom the nccessaiy allowances to bo made foi 
paiallax. 


TRANSirS OF VENUS AND MERCURY 

258, The planets Venus and Moicmy aio sometimes in in- 
forioi conjunction when near their nodes : they then appear as 
dark and well defined spots on the body of the sun. Mercury 
can only I 30 seen by the assistance of a telescope, l)ut Venus may 
be soon by the eye, defended with a smoked glass, 01 on the 
image of the sun formed in a daik room by an a])eitnro in the 
window Venus appeals m a telescope, a well defined black 
spot, 57" in diameter. The chainotor of Moiciny is only about 
11 ". 

259. Tlic transits of Mercury me much more ficqucnt than 
those of Venus. This lb ineiely accidental, arising fiom the 
propoitiou of the periodic lime of Mercury to that of the Earth, 
hemg ncaily expressed by several pairs of .small whole uiiUfibors. 
If an inferior planet bo observed m conjunction ncai its node 


Phil Train. Vol 20 
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(oi in u ccitain place of the Zodiac), it iviU bo in conjunction in 
the same place of the Zodiac^ aflei the plnnct and the cm tlx 
have each completed a coitain niimbei of i evolutions* Now it 
IS easily computed fioni the penodic times of Mciciiry and the 
Kaith, that neaily 

7 per of the Eartli^s icv. = 29 pev. of Mcicury’s. 

13 - of the Earth zz 54 - ofMoicmy* 

33 - of the Earth =: 137 « ofMoicury* 

Thciefoie tiansits of Mercury, at the same node, may happen 
ut inteivals of 7, 13, 33, &c, ycais 

8 per of the Eaith^s rev* z:: nearly 13 per* of the rev. of 
Venus 

There aie no intervening xvhole numbers till 

235 per of the earth zz nearly 382 pci. of Venus. 

Hence a tiansit of Venus, at the same node, may happen 
after an interval of 8 ycais. If it docs not happen after an in- 
teival of 8 ycais, it cannot happen till after 335 years. 

At pieseut the ascending node of Venus, as scon from the 
sun, IS in 2® 14^, and the descending node m 8® 14*^. The 
eaith, as seen fiom the sun, is in the fonner longitiido hi the be- 
ginning of December, and m the latter m the beginning of 
June Hence the transits of Venus will happen foi many ages 
to come in Dccembei and June Those of Mercuiy will hap- 
pen m May and November. 

260. A transit of Mercury happened at the descending node 
in May, 1832, and the next will take place at that node in 1845. 
One happened m 1815 at the ascenchng node, another in 1823, 
and a transit will take place at that node in 1835. 

In the years 1761 and 1769 there weie transits of Venus, 
Venus being m her descending node , the next transit at that 
node will happen in the year 2004. But a transit was obsei vod 
at the ascending node in the year 1639 by Hon ox, who had pie- 
vioiisly computed it, fiom having coi rooted tlic tables of Venus 
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i)y his own ohsorvalionsj all olhei nstionoiners having l>ocn 
iioiant of its occuning. This tiftiisit will again happen at tho 
end of 235 years fioin that time, oi in the yeni 1874 

261 lion ox, who lesided near Liveipool, when quite ii 
youth, engaged in the study of astronomy with oxlraoidinaiy 
enthnsiani and success His having impiovcd the tables of the 
motion of Venus so ns to picdicl mid obsei vc this curious plio- 
nomenon, is ono of the least of his astionomical perforinancofe. 

lie wioie an account of Ins observation m a dlsseitation, eii- 
litlod, Venus in solovisa,^* which, many yoais uftci lus death, 
was published by Ilovohus at I>auti?ic. This roused the atten- 
tion of his countrymen to make inquiries lospcciing him, and 
to c\amine whethov any of his mnnusciipts were lomaining A 
small part only of what wcio known to have oxislcd, were foimd, 
and wore published by Dr Wallis about 20 ycaih after his 
cleath*'^ Thus luid not his mnnuscript Venus in sole visa” ac- 
cidentally fallen into the hands of Ilevolius, thoio is leason to 
suppose, that in a few years, scaicely any trace of this oxlraor-* 
dinary young man would have remained. Tho appaieut ne- 
glect of Ills countrymen must be attributed to the civil wars, 
which almost imniediutoly followed his death. He had no as- 
sistance m his laljouis, except horn a fiiend, of the name of 
Ciabiieo, who lived at the distance of 20 miles. He also cultt- 
valod, with much arclom and al^ility, this science Their cor- 
rcapondonoo^ is extant. (Jrabtrcc, infoimod by Jlorrox, pli- 


riic account Di WnlUs lias given of tho fate of iroirox's inonuficnpts \a liUoi- 
esUiig Homo wou' brought to Trolnml by liia brolhcr, who died hcio ; those liQvo 
nevci boon fouml Many wore hinnech diulng the civU waia of England, by Bomo 
BolfbeiB, wliOj scuuhtng foi phindcij found, tlicm wUeio tlmy had beou concealed 
SuniowQio used hi coinposli]g a eotof a«tronoinlcal lablca, cnllod tho J3iU(sh Tablos) 
published III Tlieao woio nUcr words desliojed in Ibc great flro at Londoitj 

hi 1000* Tlio part tliat Dr. WalllJS Ims publlalicd, wai found in the rulim of a lioiisc 
at Mttnchvslci, !n ^vhich liia friend Ciabtrcc bad icsldcdinnny years hcfoie. 

N 




178 


T2irMENTb OF A?TRONOI\IY* 


[chap* MV. 


sei vcd the transit at his own place of abode Hon ox died at 
tho early age of 22, in the year 1641 , and fiom what we sec of 
lus woiks that lomain^ it appears highly piobablo that, had 
his life been longer spaied, hisfamO would have surpassed that 
of all Ins piedecessois Ills Theory of the Moon has beenbe- 
foie mentioned (Ail 233) He seems to have been the first 
astionomei vvlio i educed the sun^s parallax to nenilj what it has 
since been determined, All astronomers before Kepler liad 
made it more than two minutes " ICcpler stated it at 59^^ . but 
Honox, by a vauety of ingenious aigiiiTicn(&, evincing Ins su- 
pen or knowledge in the science, shewed it highly imiirobablo 
that it was moio than 14".*' Ho also supposed that tho disc of 
Venus, when scon on the sun, would not subtend a gfoator nn- 
glo than F, wheiens, according to Kepler, it would bo 7' 
lion ox, soon after ho had enleicd on this science, was convinced 
by his own observations of tho value of KepleFs discoveries. 

2G2 The transits of the inferior planets affoid the best ob- 
servations foi obiauiing accuiatcly the places of their nodes, and 
also tho best observations for determining theii mean motions. 

Tho transits of Venus also aflbicl us fai the most acciuate 
method of ascertaining the snn^s distance fiom the earth, and 
therefore the magnitude of tho whole system. 

Di, Halley first proposed this method of finding tho sun’s 
chatanco. Ho had obseived, at tho island of St. Helena, a tran- 
sit of Merciuy over tho sun’s disc, ami thence had concluded 
that the total ingress and the beginning of llio egicss of Venus 
might be observed to F of tune from whence, as ho said, the 
sun’s distance might bo determined within of the whole 
distance. Experience afterward shewed, that the times of total 
ingress and the beginning of ogress could not be observed with 
certainty uearei than thiee or four seconds. 


^ Dr, Halley, above sixty years after, by arguments, not very dissimilar to Iboso 
of Koriox, endeavoured to show that it was not moio than 
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203, To explain from hence ilie accmacy of tins method 
^ni^es, lei us coiisidei Venus and the sun ns moving m the equa- 
toi, and that observations of the total ingress arc mude at two 
places in the ioucsiiial equator lot AB (Kig 40) bo the cqua- 
toi^ S and V discs of the sun and Vcmis^ perpendicular to, and 
as seen from the cquatou To a spectator at A the inleiual 
eontact (oi the total ingress) commences, wlicii to a spcotatoi at 
B, the edge of Venus is distant fiom the sun liy the angle VBS* 
The cUtTcicnco then between the times of total ingiess, as seen 
fiom B and A, is the time of dcsciibing VBB by the apinoadi 
of the sun and Venus to each other, Venus being rctiogiade and 
the sun direct. Hence from tins difrcvoncc of times, and the 
into at which Venus and the sun appioach each other, \vc find 
VBS» And tlio sino of VBS , sino of VHB Venus’s distance 
from the sun : Venus’s distance from the oarth The i elation 
of Venus and the earth’s chstanco fiom the sun, as found by tlie 
method In art, 97, may bo used Theiofoie the angle VSB/ 
tlio angle subtended by the two places A and B at the sun is 
known, and consequently the angle the semidmmelei of the 
eaitli subtends, will lie found m a mnnnoi similai to that in the 
nolo of art, ,^8, 

261, Tins simplification of the problem may seive for an 
illustialion, and to point out its snpcrioi accmacy. But the ac- 
tual computation of the problem is very complex, principally on 
account of the inclination of Venus’s orbli to the ochptic, and 
on account of the situations of the places of observation at a dis- 
tance from the equator. The accuracy of the method consists 
m tins • that the times of internal contact can lie observed with 
grout exactness, and ihonco flic angle VBR computed, and 
Ihorofoio ASB. 


» Tor oxtiemo ucciuacy the dhtanco ol Ww jilttcos A ttiul JB In to 1)e tllmlnlahcd 
by Uic Hich of ihc cqunion dcBcnbcd m the iuloivul of tbo ingrcMes nt eadi 
place 

N 2 
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At inferioi conjunction, the sun and Venus appionch eatli 

other at the late of about 240^^ in an horn, oi 4^^ in a minute 

Hence if the tune of contact be erroneous at each place 4® of 

» 4x8 

time, the angle VSB may he eiioneous = A of n second, 

oncl tbeiefoie tlie limit of the euor of ASB about of a se- 
cond ^ 

265 This method then in fact comes to the same as to find 
the angle at the sun, subtended by hvo distant places on ilio 
eaitlfs suifacc, but this angle can be detci mined much move 
nccuiately by the times of ingi css, than by the mjciometer. On 
account of the diflbience of tlio apparent magnitudes of Vciius 
and Meicury, tile intcinnl contact of the former cunbodctci-* 
mined much nioie accurately than of the Inttci. 

This method requites the difieiencc of longitude of the 
places to be acciiiately known, in oidei to compare the actual 
times of contact. The longitude of the Cape of Good Hope 
being well ascertained, obsoivations of the transit of Venus iii 
1761, made theie, were compaied with many made in JEiuope, 
and the mean lesuU gave the parallax = 8,47 seconds. 

266, But it seemed mote convenient not to depend on the 
knowledge of the diffeience of longitudes of two places. It ap- 
peal ed better to compaie the differences of duration at two 
places, at one of which the diuation was lengthened and at the 
oihei shoitened. If we assume the parallax of tlie sun, wlucli 
we know nearly, wo can compute the diffeienee of chiiation at 
any place from what it would have been, had it been obseivod 


» This comos to the same, ns being able to observe a thi end onight(ihc interval 
between the limbs of Venus and the sun, when the former has Just ontcied upon 
Oie body of the sun) of only ^ of a second in bicndth Thus by the transit of 
Venus we can piobably moasiue a smuilor angle than by any other method 
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at the carth^s cenlie.® Hence wo can compaic tlie difference of 
duration at two places, at one of ’which the duration ts shoitencd 
and at tho other lengthened Thus wo shall have a double 
effect of the parallax, and we can compiiie the computed result 
with the diffeiencc obseived Fiom the ciioi wo can concct 
the horizontal paiallax assumed 

The tiansLt of Venus in 1769 was obsoived at Waulhiis m 
Lapland, and at the island of Olaheite in the South Sea. 
Assuming Ihe sun’s pauillax 8,83 seconds, 

By compulation the duration was 

lengthened at Waullius - ll’*' 165,0 

Diminished at Olaheito - 12"^ 10^0 

Diiiation gicalcr atWardlms than - 

at Otahoito . ^ - 23«^ 26®, 9‘ 

By observation ^ . 23^^ lO’jO 

This shews the parallax is less than the parallax assumod> 
and to make the observed and computed differenco ofduintions 
ngiee, tho parallax must bo taken 8'^, 72 This last conclusion 

points out tlio accmacy of\vluch tho method is susceptible, 
chflcienco of excess of duration of 17® malces only a dUrereiice 
of of a sceoncl in the paiallnx 

267. Tho obsciva lions of the transit of 1701 wcie not so 
well adapted for determining the sun’s painllax as those of 1769 
Fiom tho latter the parallax was nscoi tamed with gicat exact- 
ness. Tho mean oi‘ the results seems to give 8^^721hc sun’s pa- 
rallax at tho mean distance, winch piobably is within of a 
second of the truth. Tho tiansli of 1 769 occurring in iha mid* 
die of summer, very many places of liigh noilhcui hitiludo were 
well situate foi ob&oiving it, but in all those the duration was 
affbclod ill the same way 

« Sec Ui. Maskcljncs J^telhijil iiml OomiiutaUoii, rage JOb of PfoJewur 'S'liic&’s 
Asti vol 1 
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The diiiation is most lengthened when the commencement 
IS near sunset^, or when the sun is near the western hoiisson^ and 
the end near sunrise or when the sun is near the cnsteni lion- 
zoin The dmation of the tiansit in June^ I769j was about six: 
lioui^ Tliat the commencement and end should take place 
under the circumstances above mentioned, it cvidentlj lequiiccl 
that the place of obseivation should have considei able north la- 
titude Wardhus ncai the* North Capo is inr 70^ 22' N lat 
The commencement was tlicie at 9^^ 34^ in the evening, and end 
at 15^^ 27"' 

Tlie duration would be most shortened when the commence- 
ment was neai sumiso, and end near sunset, and the dmalioii 
being onljr about six liours, this requiied tlmt the days slioiilct 
be slioitcr than the nights, and theiefoio the place must bo on 
the soiilli side of the equatoi, and such that the commencement 
must be aftei sunrise and end bcfoic sunset* Consequently the 
choice of situations was mucTr ciicumscribed. 

Astionomeis weie thoicfoie ranch at a loss foi a piopcr 
place foi obseivmg this transit, when fortunately Otaheite was 
discovered, Tlie situation of this island was as favouiable as* 
could be desinid, and IheButish government, induced by a me- 
morial from the Royal Society, ordeied thither a ship with pio- 
per persons to make the observation In consequence of which, 
the flist of the celebiated voyages of Cook took place The 
tiansit commenced at Otaheite about half past nine m the morn- 
ing, and ended about lialf past tlnee in the aflcinoon, and thu» 
happened dining the most favoumblo pait of the clay 
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CHAPTEE XV. 

Tllli VELOOITY OP LIGHT, AND ABEUUATION OF TIIK FIXED SPARS 
AND PLANETS — PIIE EQUATION OF TIME — DIALS 

268 The velocity of light is the greatest velocity that has 
yet been ascei tamed Astronomy fiunishcs two methods of 
measuring it, Without tlic discovoues in astronomy, the velo- 
city of light would have remained unknown. The eclipses of 
Jujnter’s satellites, and the abei ration of the fixed stars, shew 
us that the velocity of the reflecied light of the sun, and the ve- 
locity of the direct light of the fixed stars, nro equal 

269 The elder Cassini suspected from observations of the 
eclipses of Jupiter’s fust salcllilc, that light was not iiistanta- 
noous, but piogressivc. Roomer fust fully established this fact, 
by a great vauety of obsoivations of the eclipses of the satellites 
of Jupitci . 

Let the moan motion of a satellite be computed fioin two 
eclipses sepaiated by a long iiilci val, Jupilci bonig at each at its 
moan distance ft cm tho cartli. Then an eclipse, when Jupiter 
IS appioaching conjunction, and therofoic fai thev from tho oaith, 
happens later than is computed hy tho moEin motion so deter- 
muicd.^ When Jupiter is in opposition, it happens soonoi than 
according to the mean motion so dotoi mined. 

Fiom a groat variety of obsorvalions, it appeals that the ve- 
locity of light is such, that, moving umfoimly, it takes sixteen 
minutes to move over tho diamoicr of the oaith’s orbit, or eight 
minutes in moving from the sun to us, Tliis velocity is about 
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lOjOOO times gieatci than t!io velocity of the earthy which, as 
has been said, moves nineteen miles in a second (Art, 112.) 

ON THE ABERRATION OF TIIF FIXED STARS AND PLANETS. 

270 Anothei pi oof of the \clocity of light is derived fiom 
tlie abeiiation of the fixed stars The fixed stars appeal, by ob- 
seivations made with acemate instruments, to havo n small uit- 
nual motion, leturmng at the end of a year piccisely to llie same 
place, A star neai the pole of the ecliptic appears to describe 
about the pole a small cncle pniallcl to the ecliptic ; the dia- 
meter of this ciicle is 40^^ Stars in the ecliptic appear to dc- 
scube small ares of the ecliptic 40^' in length And all stars 
between the ecliptic and its poles appeal annually to dc&cnbo 
ellipses, the greater axes of which are parallel to the ecliptic, 
and equal to 40'^ The axis minor is found by diminishing 40'^ 
m the propoition of the sine of the siai’s latitude to radius, 
These pheenomena cannot take place from the parallax of the 
annual oibit, because by it the latitude of a star would be gieat- 
est when in opposition to the sun, wheicas then there is no aber- 
ration in latitude. 

271 Di, Bradley, who fit st disco veicd this apparent annual 
motion, when endeavouring to discover the parallax of y draco- 
ms, also first explained the cause of it It ailsesfiom Iho velo- 
city of the earth in its oibit, combined with the vclocitv of 
light 

272 Tlie application of a few mathematical principles etm- 


« Dr Bradley’s own account of iljis phseiiomcnon Is very intoresUngt Is 
jToinul in the rinl Trana vol 35 Ilis observations were mntlo with a zenith sec- 
tor III the piesent state of astronomy, an mstnimcnt, whether a quadiant oi li 
sit, that will not icadlly shew the changes of the auanlily of aberration, must he 
considered as a very inferior iiistuimont. 
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bles ns to explain and compute^ with the greatest exactness^ the 
laws of this phajnomenon, which although not the most stuking, 
is pciliaps one of the most pleasing objects of astionomical con- 
templation, The appaient ivregulauties of the motions of the 
different stars, miglit^foi a long time, have baffled the exeitions 
of astionomeis, had not the happy thought of applying the mo- 
tion of light occuviecl to Biadley himself. 

Let SA (Fig. 41) bo the diicction of light coming fiom a 
fi\od star, and enlciing the telescope AD, cauiocl in the direc- 
tion DEF, by the motion of the eaith If the diiection of the 
lolescopo be the same as the diiection of the lays of light, it is 
clear that no ray can come to an eye at D, as fiom the motion 
of the telescope with the spectatoi, they will bo all lost against 
the inteiior of the tube. But if the tube be inclined in the po- 
sition DB, so that BE : DE * * vel. of light * vel of the caith, 
then a lay SB paiallel to SA entering the tube at B, will pass 
Ihiough the axis of die tube in motion, and be seen by the eye 
ai lived with the telescope at E, while the light is passing from 
B to B. The ray of light will be always found in the axis of 
the telescope, caiucd by the motion of the eaith, parallel to it- 
self. The telescope being m the position EC, the star is judged 
to bo m that diiection, alibougli it bo actually in tlie diiection 
EB. lienee BEC is the angle of abei ration, andtheubcua- 
tion IS always toward that pai t of the heavens, to which the earth 
is moving As BE is above 10,000 times gi eater tlmn DE, i( 
follows tlial the angle DBE must be very small, and thoicfoie 
its equal BEC, ilio abei ration must' be veiy small. It is evi- 
dent that DBE, andtherefoie BEC, is aniaxumun when BDE 
IS a right angle, because sin. DBE ♦ sm BDE ^ ♦ DE BE : • 
vel. earth * vcl, light, a given laiio. Theiefoic when sin DBE 
IS gieatcsl, the sin. BDE is gicatcst, that is, when BDE is a 
i ight angle, Then vcl. of light . vel of earth : sin. BDFi (rad ) 
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* sjn of greatest abeii, and theiCsfove sin of gieatest abcvr, :=? 

vel ot liglil, 

273 It may illiistiate this matter, to con&icloi llio earth at 
icsl, and the pai tides of light fiom the stai having motions in 
two diiections, viz the actual velocity of light in the dnoctioii 
BE, and another m a diiection jiaiallel and opposite to the 
eaith or motion DE; by this compound motion, the particles 
of light would pass down the tube DB 

To the naked eye the sensation must bo the same, whether 
thelightstiikcs the eye with a motion in the dnection EJD, or Iho 
eye stiikes the light in the opposite direction ; andihoicforo we 
may consider the light meeting the eye as coining in a dnection 
compounded of two motions, that of light, and that of tho eailh, 
and theiefore the same abcriation takes place as m a tolescopo 

274 The direction ofdhe earth’s motion is always towaid 
the point of the ecliptic 90® beliind tho sim» Hence the stars 
all abeirate toward tins point of the ecliptic, fiom which consi- 
delation the geneial phoenomena of the aboiration may bo easily 
imderstoodi 

Also the phficnomena of the aboiration may bo thus shown * 

Conceive a plane passing through the star, parallel to the 
plane of the earth’s oibit, and a line in this plane, parallol to (he 
direction of the eai th’s motion, the length of which is to the 
star’s distance, as the velocity of the eailh to tlio velocity of 
light, the extremity of this line will be the place in which ilie 
star appeals Now we may consiclei, without sensible error, tho 
orbit of the eai^th as circulai, and its velocity as uniform j thoie- 
foie this imaginary line diawn from the star, parallel to the tan- 
gent to the earth’s orbit, will be always of a constant length ; 
and as the tangent in the course of a yeai completes a revolu- 
tion, this imaginary line will also, in the coiuse of a year, com- 
plete a 1 evolution, and its extiemily desciibe a circle about tho 
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star* To a spectatoi on tlio earth, the star, an the coinse of a 
yeai, will apponi to dcsciibe the cncmnfeience of this imagi- 
nary ciicle^ the piano of which is parallel to the plane of the 
earth’s oibit unci he will oithogioplncally project this ciicle 
on tho concave sinlhce^ by which it will appeal an ellipse* To 
find the axis major of this ellipse, we aie to considei that the 
diameter of the circle of aberiation, perpendiciilai to a cucle of 
longitude passing through the stai, will be piojectod into tho 
axis mnjoi of the ellipse Wlien the caith, seen fiom the siin, 
IS m this cade of longitude, the lino joining the star and eaith 
will bo at right angles to the diiection of the eaith’s motion, 
and thciefoie tho abciiation will be then greatest, and equal to 
20" (Ai L 272») Ilcncc tho semiaxis major of the ellipse is 20" 
Tho star’s longitudo is most inci eased when the star’s and sun’s 
longitudes differ by 130®, and most dmunishod when tho longi- 
tude of the sun is the same as that of the stai* When the sun’s 
longUiido exceeds that of the star by 90°, the ladius of the cii- 
clc of abonation is in Ihc plane of tho slat’s chole of longitude, 
and is diminished by piojection on the concave siuface, in pio- 
poition of the sine of the star’s latitude to ladius, The radius 
of the imaginary ciicle, thus diminished, becomes the semiaxis 
minor of the ellipse Tho stai’s latitude is most diminished 
when the sun’s longitude exceeds that of tho slai, by 90°, and 
most increased when the sun’s place is 90® behind the stai 
When the stai is in tho ecliptic, it is evident that the ima- 
ginary circle of abciTution must be piojected into a right hue, 
or rather an aroh of A slai m the pole of tho ecliptic ap- 
pears to describe a cucle 40'' m diamotei, because the imagi- 
naiy cnclc is not changed by projection* In piactice it is ne- 
cessary to compute ihe effects of aberi ation in right ascension 
and declination*' 


YkI ApptiuUx. 
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275 The abevintion of a planet i& somewhat cUflbient fioni 
ilmt of a stEii ; for if the planet’s motion weie equal and parallel 
to that of the oaith^ no aboriation would lake place From the 
small volocity of the moon about the caitli^ compared with the 
velocity of light, no sensible aboriation takes place with icgaid 
to its velocity abofiil the earth > and the moon and cailh being 
caiucd iogothcr loimd the sun with nearly the same velocities, 
no abciiation fiom thence occuis in the place of the moon. 

The best method of finding the aberration of a planet or 
comet, IS by fust considciing the effect of llio earth’s motion on 
the appal ent place" this is the same as for a fixed stai ; and 
then the abei ration arising fiom its own motion , this is icadily 
computed, for the planet, supposing the earth at rest, appears 
in the place it was in at the omission of tlio light which roaches 
the eye, and thorefoio it is only necessary to compute tho place 
of the planet foi a time, so much earlier by the space of time 
that the light is coming fiom the planet to the eartli. 

276. Tho velocity of light determined by the eclipses of 
Jupitoi’s satellites has been consideicd as exactly tho same as 
that detei mined by the aberration of the fixed stars "■ 

As we me cox tarn of tho velocity of light by the eclipses of 
Jupiter’s satellites, and also that tho consequeneo of that velo- 
city, and pf the velocity of the eailh, must bo an aberration in 


^ The muxuimm of abenullon deduced from tliG velocity of light, as dolonultiud 
by tlio eclipaas of Jupiter’s satoUucs, nppeoia to be 20", 25 Bradley 'a obsoi vaUous 
appear to give tlie same qunulity , but Bindley hliusell, on n revision of Ills ob«iei va- 
tlons, fixed It at 20" But recent observations, mode at tho Obsorvotory of Tilnily 
College, Dublin, with the 8 foot cirdc, give It so groat ns 20", 80 M, BcsbcI, IVom 
Di , Bradley’s areemvicli obsorvatlom makes It 20", 1 J , Blndennu, from obeei va- 
tiona of tho pole star in 11, Ascension, makes it 20", 16 M. Slruvo, horn obser 
vntlons in Righ t Ascension, makes H 20", 00 It appears, therefore, highly pioba- 
ble, that it cxcooda 20", 26 By conlmunig tho obscivallons, It Is hoped, gicntot 
certainty will be obtained m this important element 
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the fixed stais > we have, fiom tlio ohseivation of the ahenation, 
mi indepeudent pi oof of the motion of the eailli 

FQUATION OF TUML 

277 The lotation of the earth on its axis is among the few 
peifectly equable motions known ; the peuod of which, or 24 
horns of sidereal time, might servo as a measure of diuatiou , 
but this IS not convenient for the pin])0sea of civil hfe» Foi 
these, the penod of a solar day, oi tho Intel val elapsed between 
two suocossivo passages ol the sun over the meiidian, is a much 
moic convenient measiuc of time, Bui this interval is vm inble, 
foi it IS greater than the time of tho oaith^s lotation by a vaiia- 
lile quantity This vaimblc quantity is the time the horn cii- 
clo passing through tho sun takes to move ovci an arch equal to 
tlie incvonse of tho sun’s right ascension during a solai day 
Now the daily mcicasc of the sun’s right ascension is vaiiablo 
from two causes, viz , tlie inclination of the ecliptic to the equa- 
tor, and the unequal apparent motion of the sun in longitude 
It IS evident that the sun’s inoicasc of light ascension must be 
variable, on account of the obluiuity of tho ecliptic fo the equa- 
tor , because, when the sun is in Aiios, its mol ion being oblique 
to the equator, tho mto of incicaso of light ascension must then 
be less than the late of increase of longitude , when at tho tio- 
pics, its motion is parallel to the equator, and bomg noaier the 
pole of the equator than tho polo of the ecli)ilic, its motion in 
light ascension must be tlien than its motion in longi- 

tude Hence it is evident tlmt the length of a solar day must 


It la not ililKcuU to prove tlmt the late ofuicicftso of the sun’s ilglu ascoiislon 
18, to the lato of incionse of Its lonffUinle, tia ladius nuiltiphcil hy tho cosltm of the 
obliquity of tho ecUptJt^ Is to the sqnoic of the Loalne of tho sun’s declination The 
last term decreases fiom the equinox to the solsiice, and theicfoie tho (list must 
Incicasoi 
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1)0 variftblo, mid consequently lliat lime, wlucli js callod (i})pa- 
n'nt soldi lime, or npparent liino nicnsurcd by iv solnv day and 
purls of a solar day, must icqiuio n coireclion, which is cnllcd 
the Equation of Time* The pei lection of ilie mechanism of u 
clock dopentls on the unilormity of its motion j iheroforo u clock 
intended to show sohu time, must he lofrulntod according to 
moan* sohu hmc, and the equation of (uno inubl ho allowed m 
deducing nppaienl lime fiom the time shewn liy a clock. Ap- 
parent time is better adapted for civil puiposcs, mean lime is 
nccossaiy in computing the cncumslances of the various celes- 
tial pliociionionn. 

278. If the Rim, instead of moving in (he ecliptic, moved 
unifoimly in the equator, the interval between two transits of the 
siin ever (ho inoridinn would then ho always tho sniue, and 
would bo nil exact measure of time. Lot us siqipose then an 
iniaginniy sun moving uniformly over tho equator in Iho same 
time ill which tho sun apticnrs to move over (ho ocliiitic, anil 
having its right ascension, or distance Irom tho beginning of 
Aiics, equal to tho mean longitude of the sun, Tho time mea- 
sured by Ihjs imaginary sun so moving, is callod mean soldi 
lime or mean lime. Tho hour ciiclo passing through the ima- 
ginary sun describes 300 degrees in 24 hours moan time, and 
that through the real sun the same m 24 hours apparent time, 
tliercfoioonch describes 15 degrees in an hour.'* 

279. The didbronco between mean and solar time, the 
equation of time, is evidently equal to the didbrciico betwoon 
tho right ascension of the sun and tho mean longitude of the 
sun, con verted into lime at tho lato of 360" for 24'*, oi 1.5° foi 
1 hour. 


"An 100. 

*' 'flic gioa(o8t (Uflljtonce lictwcon 24 h«ur# menu tlino, mid 24 hours appnrmu 
tln(ic is 



Cl!AV. XV ] rQUATION OF PIMI \qi 

The sun’s mean longitude is given by the solai tables, and 
lb once the Uuo longitude . by the latter, and the obliquity of 
the ecliptic, the light ascension maybe computed^ e\nd then 
tbo diffeicnce’' of mean longitude and ught ascension^ conveited 
into time at the late of 13® to an hour, is the equation Plenee 
Iho computations foi finding the right ascension of the sun, will 
also <5Civo fot finding the aquation of time. 

280. The changes of the quantity of the equation of time in 
diffeveni paits of the yeai, may be readily imdei stood, foi let 
VMPQEAONR (Eig. 42) icpicscnt the celestial eqiiatoi ex- 
tended into a light line, VJGQDLIl the ecliptic, J the sun at 
the siimmei solstice, D at the winter solstice Take VG = S'* 
9®^, and G is the place ot the sun when the eaith is m Aphe- 
lion Take GQL = 180^, and L is the place of the sim ^vhen 
the oaith is in Peuholion Let M, E, A, and N, be tbe places 
of tile imaginary sun, when the sun is at G, Q, L, and R, oi V, 
lespcctively. Then VM = VG, because at Aphelion the true 
mid mean longitudes aic the sanW’, (Ait, 222), theiefoie by 
splicucal liigonomctiy M is between V and hour ciicle GP, 
that IS, M la to the westward of the hour cucle passing tluoiigh 
the sun, and theiofoic mean time then piecedcs appaient time 
and because between G and L the tuie angulai motion is less 
than the mean, (Ait. 222), ME is gieatei than GQz= MQ, 
mid thciofoio E is to the eastward of Q, consequently mean 
tune then follows appaient time A is to the westward of the 


” Accuratuly tlio c<iimtion of lime is the dlfl'cieiice between the sun’s right as- 
i, elision, uiul mean longitude reckoned on the eqiialov Irom the tiue ecimnox, because 
the right nsconsloii Is computed fiom tiie true equinox By the sun's mean longi- 
tude, reckoned on the eauatoi from the tiuc equinox, is meant, the sim s mean lon- 
gitude (ulwiiys reckoned fiom the mean equinox) coirccted foi the equation of the 
equinoxes in liglit uscenulon. 

^ This is SQj not taking hUo consideration the small effects of the Inn ar equation 
iind equations foi ihodistinbanccB of the piancts 
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horn circle OL, because QA =z QL = 3® 9°^, and therefoic 
then mean time precedes apparent N is also to the westward 
of Rj because ftom L to R Ibo motion in longitude is greatei 
tlian the mean motion^ and theiofoie AN is less than LR r: 
AR, mid ibovefoie then mean time pieccdes apparent^ And, 
consideuug these circumstances, it will appear that between G 
and Q the equation vanishes, and also between Q and L, but 
not between L and R, but between V and G it twice vanishes. 
Thus mean and apparent tune coincide four times m a year 
these times will be found to be about April 15, June 15, Aug 
31, and December 24 Tlie equation, it is easy to sec, will bo 
at its niaxinmin,'* somewhere between Q and L ; because when 
the sun is at Q, the mean sun will bo behind it at E, and will 
become still moic behind, because it moves faster m longitude 
than the tuio, and the effect of the increase of longitude of the 
sun is diminished by the obliquity of the ecliptic for some time 
aftoi it has passed Q The maximum is 16”^ 16», and liappons 
about the second of Novombei. 

A more paiticulav consideration of the equation of time 
"Nvonld be useless heie» Indeed every thing of consequence may 
be considered as explained, when it is said to bo equal to the 
difference, converted into time, between the sun^s true right 
-ascension and mean longitude, coirected for the equation of 
equinoxes in right ascension 

28L It is to be obsoived, that the circiimstmices of the 
equation of time will change, with a change in the longitude of 
the cartVs Aphelion, which moves forward flora the equinox at 
ilie rate ot V 2^^ in a year* The longitude at present, as soon 
fiom the sun, is 9^ 9% About 4000 yeais b, a (the supposed 
time of the creation) it coincided with the plaUe of the earth at 
the vernal equinox. 

The time shewn by a dial is apparent time, for it is the an 
gle between the hour circle passing through the sun and the me- 
ridian, converted into time. 
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ON DIALLING 

282. In Q dial, llie shadow of n straight line, by its intoi- 
^ section with a given plane, points out the appaicnt hoiii, The 
lino by which the shadow is made, is called the style or gnomon. 
Lota meridian line bo drawn on a hoiizontal plane, (art. 202, 
&c ) and on this plane a gnomon oi stile fixed, malting an angle 
with the meiidian lino equal to the latitude of the place, and 
being also in the piano of the meridian This gnomon then will 

be in the duection oF the celestial axis, (ait. 39), the shadow 
thoicforo will always bo in the plane of thehoui cucle m which 
the sun is, and because the sun is always in the same houi cir- 
cle at the same distance fiom noon, whatever be its declination, 
it follows that the intersection of the shadow and hoiis^ontal 
plane is always the same at n given hour. Theiofoio these in- 
tciscctions of the shadow being maiked, will always serve for 
pointing out the hom from noon These in tci sections arc call- 
ed hour lines of the dial, and a dial thus coiisti acted is called 
an horhontnl dial. Tlie angles that these hour lines make with 
the meridian may be determined us follows 

283 Let PO (Fig. 43) ho the elevation of the pole, IIP 
the hour ciicle 15^ distant from iho meridian, intersecting the 
hoiizon no in II. Then HCO, C being the ceiitro of the 
sphere, is equal to the angle between the hour lino of one o’clock 
and the meridian on the dial . foi CH is the hoilzontal inter- 
section of the shadow of the axis PC at one o’clock. 

By spherical ti igonometry, 

llad, sin. PO (lat) . . tan. IIPO (15^ . Uui. PIO (IICO.) 

Thus the angle which any hour lino makes with the mou- 
dian, may be found, and a hovu^ontal dial constructed, 

IF a vortical plane, fiicing the south, at rlglit angles to the 
moiidian, be used, the inteiseetions oF ilie shadow and this 


o 
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piano, 01 the lioiu lines, of the dial will be found, by computing 
tlie distances of the hour circles fioin the meridian on the iirnno 
verlical. A dial so constructed is called a vertical dial. 

It is evident that the plane of the dial may make any given 
angle witli the piime vciiicnl, and the hour lines be loadily 
conipxitod by u spbeucul triangle Wlien the piano of the dial 
faces tlio cast oi west, the side is placed at a distance fiom, and 
paiallel to its plane, because the plane of the dml ia itself m the 
piano of the mcridiam 
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CHAPTER XVL 

APPLICATFON OF ASTHONOIMY lO NAVtGA'lION — IIADin’s bIXTANT \ 
LATITUDE AT SEA— APPAUrNl TTJID— VARIATION OF THF | 

COMP VS3— LONOITUDF AT SEA ‘ 

284» The uses of ustronomy in navigation are veiy gi*eat. It ^ 
enables tho seaman to detcimiue by celestial observations his 
lutltudo and longitude, and thence discover his situation with 
m acouraOy sufficient to diioct him the couise he ought to steel 
for his intended port, and to guaidhim against dangeis iiom \ 
shoals and rocks. It also enables him to find the variation ot S 
his compass, and so atFoids him the moans 
eSmso. 

Almost all the astronomical observations made at sea, con- . 
sist in measuring angles, and the difficulty of taking an angle at / 
sea, on account of the unsteady motion of the ship, is sufficiently r 
obvious. In taking an altitude, the plumb-line and spiilt-level 
are entirely useless. In obseiYing the angulai distance of two 
objects, iSlo unsfceadinefis of the ship makes it impossible to mea- j 
sure if by two telescopes, or by one telescope successively ad- f 
jiistod (o'ea^b object. 

28S. difRoulties wete soon seen when nantiCal astro- 

nomy begat! to be JmjproYed Many attempts were made to in- 
vent a proper instrutbeOt The ingenious Dr, Hooke proposed 
several methods. Many years afterwards Mi Hadley proposed 
Iho iilJ&irumCifl!t caljed Ha dl ey now howevei usually 
sextant, for d leasnn that will be mentioned 
A feWycM^i^^r Mr. Hadley's irlventiou was communicated to 

o 2 


of sailing his pioper j 
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the world, a paper of Sir Isaac Newton’s was found, dosci ibing 
nn mstmment neaily of the &amo construction. The piinciplo 
of this invaluable insti umenl is, that in taking the angular dis- 
tance of two objects, the image of one of them scon after two 
icllcctions, coincides with the othci object scon diiectly, and 
this coincidence is in no wise atTcclcd by the unstoudincss of 
the ship Tho opeiation by which the conicidonco is made, 
ineasiuos the angulai distance of tho objects 

286. Lot A and li (Fig. 44) be two celestial or very distant 
objects, IIO^IN the sections of two plane minors, in tho plane 
passing through tho objects and eye. The mirrois nio supposed 
to be per^iendicular to this plane. Lot a ray of light, AC, fiom 
the object A, incident on tho niiiror IN, bo reflected in tho di- 
rection CR, and so bo incident on tho mirror IIO, from vvhonco 
it is again loflected in tlio direction RE, coinciding with tho 
direction of a ray, BR, from tho other object, B. Then nn oyo 


any whore in the direction of tho lino RE, will see tho object 
A, coincident with the object B, if a portion of tho minor, im- 
mediately above tho section HO bo transparent. Tims wo may 
make two distant objects appear to coinoido by a proper posi- 
tion of the mirrors, viz., by inclining the ipcjijJMrs 
equal to half the angular idlstfttlce' of iEoj* prodiwio 

the sections of thc 'ihiffoKf, to iheet itir jttrtJdltlittev AC to 

meet BRE in E Then E =: BBO-r-ROilff si |by '*th(3'>'priuci- 
ples of reflection) 2 HROn-2 RCM = 2 or tljeiUnguki*. dis- 


tance of flio objects equals twice tho inolination ofiflie J’ofloolors. 
Hence if we move tlie leflcctoi IN, so tiliut 'l?ol^ 4 (dJj 0 ots''W)ay 
appear to coinoido, and can then measure the 

reflectors, wo shall obtain ihe'anghlu^rftffiljJ^^Al^bjlflotSi 
This principle is used in Hadley’s i , 

287. ACB (Fig,, 45) 
glo ACB is eosbut the m*ch 

each radius. A moveable . .#fll 
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volvQS about tlio centieCjCai lying a plane minor, IN, perpen- | 
dicular to the plane of the sextant, winch minor faces anothei 
inu’ioi, II, also porpendiculai to the plane of the sextant This 
lattoi minor is fixed with its plane paiallel to CA, the position 
of the minor IN, when the laclius CV passes thiougli zero oi 
(o) of the arch. The upper pait of the minor H is tianspa- 
icnt, thiough which, by help of a telescope fixed at T, parallel 
to the plane of the sextant, the object S may be seen dhectly, 
wliilo tlio image of M, seen by leflection, appears to touch it 
The angulai distance of the objects M and S, is then, as has 
been shewn, s= twice the inclination of the minois IT and IN = 
(because H is parallel to CA) 2 VGA. Hence the degrees, 
imuutes and seconds in VA, shewn by a veinier, attached to the 
extremity of the index, would give half the angular distance of 
the objects j but as the aicli VA is only half the angulai dis- 
tance of the objects, for convenience each dogiee, &c is reckon- 
ed double i tlnis if VA be actually 42®, it is marked 84®, &c. 

The miiTOi IC is called the index glcisS) and H the hori- 


zon glasSf because in taking the altitude of the sun at sea, the 
hoiizon IS seen, directly, tlnough this glass. 

In most sextants Iheio is a piovision foi adjusting the plane 


of the horizon glass, paiallel to tlie ladius passing thiough zeio of 
the arch, or ratjior paiallel to the piano of the index glass, when 
the indoX'^filhV.^ieW Qf the arch. This is done by making an 
image seen diiectly, when the index 

passes 

instance, the suns 
of the aich. Half the difference 
IS it is fliost convenient to allow for 

tblfij^sdMko^&eeted so exactly as its quantity can he 


thl^y 





of this instrument and its ad- 
s|s'l?raCliCBl Astronomy 
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288 The best insti unionls, iiilondcd for taking tlic oiigiiltu 
distance ol the moon from the siin and' stnis, aio made with 
gloat exactness. The radius of a .sextant vanes in Icngih from 
five to foil! teen inches. Tlie usual longlli is about ten in twelve 
inchesj and these admit of measuring an angle to 1 O'' oi less, by 
help of the vernier Ouliimi’y mslruinonls nic also nmilo, 
merely for taking altitudes Plain sights arc only used with 
those, and they me seldom adapted to lake alliludos nenici than 
two or three minutes 

As an altitude is nevci gi cater than OO", it is ovidonl, for an 
altitude, a groftler arch than d5* Is not required. Tlio instru- 
ments, Iheiefore, made only for taking nltitudos, should pi oporly 
ho called octants, instead of quadiants, as they are somoliiucs 
named. The angular distance of the moon fi'oin a slur is some- 
times measured whon 1 20", foi such distances an arch of GO" is 
necessary, and Ihorofoio Uie msinnnoiils intended for the longi- 
tude at sea aio called sextants 


In the octants, particularly, ihoro is often a provision for 
mcasming angles grcatoi Hum 90", by measuring tho siipplo- 
moiit to 180", by what is called tho bock observation ;* this is* 
not often used. 

289, The colobrolod Mayor, whoso Umar boon 

mentioned, lecomraeiidod a oomplote ciiiQ),e' ithfliwStfIffatg the 
angular distance of tlie moon from the sqiflf pi* slors'by fotlec- 
Uon, ns in Hadley’s instrument. Some of tbO' adtanlagos pro- 
))osod, weio simiiur to (hose of the astronomical oivcle ovoi 
tho I astronomical qundiant j also by making fclm 'ljoi'lisoii gloss 
moveable, the same angle could be repeated pn, d^ffiart^nt parts 
of the limb, and by repeating the 
a mean, tho on'eis pCAivision wpto ahnoslljtftft^'^^fe® 

— . — . — , . 
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Two causes may, perhaps, be assigned foi this constuiction not 
having been at fiist adopted > the weight of the instrument len- 
dered it Inconvenient, and tho aiipeiioi skill of the London ait- 
ists so constructed and divided sextants, that they seemed fully 
adequate to tho pin poses of the hmai method of finding the lon- 
gitude in its early state. In its present state every minute 
source of accinacy is sought aftei, and it is now likely that re- 
flecting circles will supersede sextants The Fiench use an im- 
provement of Mayei’s ciiclc by Boida In some icflectmg cir- 
cles made by Ml . Ti oughton o{ London, the advantage of the 
lepcaimg piinciple is only in a small measiue sought foi. This 
18 of loss consequence, from the accuracy with winch small cir- 
cles may be divided by tho machine invented by Mi, Ramsdoii j 
and otherwise Mr TroiighWs ciicles seem more convenient 
than repeating circles for nautical pm poses. 

390 . Let us proceed to the application of the sextant for 
finding tho latitude, apparent time, variation of the compass, | 
and longitude at sea 

The latitude at sea is most readily and usually found by ob- 
serving tbo meudian altitude of the sun At sea the hoiizon 
13 geneially well defined. The sextant being placed in a ver- 
tical position, tho upper or lowei limb of the sun, by moving 
tho index, is brought down to the horizon seen diiectly Tho 
index shews tho altitude j but it must be noted, that as the eyo 
of the spootatoi\is elevated above the level of the sea, tho appa- 
rent, altitpdo diminished by the depression of the lion- 

zon^ caUedjtho dip. The sun is known to be on the meridian 
when it ceases to rise higher, or when the index angle ceases to 
inoioasq. Ait eisrbr . df one or two minutes is of little cousq- 
quonoo in,, finding the latitude at sea, as it makes only an eiTor 
of otie or miles I in the place of the ship. Oftentimes thO 

defi^^^dto attain to great 

A be used, on account of the horizon being 
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sufficiently visible^ but the moon oftentimes may. Tlio correct 
meridian altitude and the declination being known^ tho latitudo 
IS easily founds being always equal to the sum or diffeicnce of 
the zenith distance and declination 

291 It often happens that it is cloudy at noon^ and thcic- 
foie an observation cannot be made • this sometimes is the case 
for seveial clays togethci> when peiliaps the sun is occasionally 
seen during tliat time. The latitude in such circumstances 
may be obtained by obseiving two altitudes of the aiin^ and 
noting the interval of time between^ by a good watch * ft om 
these data and the declination the latitude may be found. 

It may bo mentioned, once for all, that it is heie only in- 
tended to give a geneial account of the obsoivations necessary 
foi nautical pui poses The paiticnlars of the methods of com- 
putation me to bo found in the different woiks on nautical astio- 
nomy, raoie especially in tho work published by Di . Maskelyno, 
entitled Tables leqmsite to be used with the Nautical Alma- 
nac ” 

292 The apparent time may he found at seay by obsemng 
the altitude of the sun. Then, knowing the latitude of the 
place and the sun’s declination, we have the three sides of a 
spherical triangle, viz , the sun’s zenith distance, the polar dis- 
tance, and the co-latitude of the place, to find the hournanglc, 
which therefore may be had fiorn one propoition, Tho hour- 
tingle conveited into time at the late of 15*^ for one hour gives 
the appment time flora noon at the place of observation. 

,293 The latitude being known, the vanation of the cam- 
pass is easily found 

Previously to the discovery of the polar% #0 magnetic 
needle, navjgatois had J )0 moans of 
npon losmg sight of land, but by the «un and 
the polai star. They therefeie ,Mdotn,'d^W4 tor 

from land, knowing that a short continuangG"hlf iWeatihei'!, 
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might occasion their desh'uction On the discovery of the'com-^ 
pass, an end was put to this difficulty It must have been known 
at fust that the needle did not point exactly noith, hut the de- ^ 
viation oi vmiation was supposed cveiy where the same So . 
slow was the piogiess of navigation, that iieaily two centuiies 1 
elapsed from the time that the polarity of the magnet was well j 
known m Euiope, befoie it was discoveied that in different 
places the variation was different Columbus, in his fiist voy- 
age, seems to have been the first who obseivcd it About a I 
contuiy latei, the vaiiation of the variation was discoveied, that ^ 
is, that the deviation fiom the noithat a given place is vauable i 
Tlic vmiation at London, two centimes ago, ^vas 11® 15' east, j 
and is now 25® west, 

294, On these accounts it is obvious, that the seaman must 
first ascertain the vauation of the compass m the place in which \ p 
he IS, previously to his making use of it foi Ins coinse this he i 
practises by a very simple astionomical ohseivation he notes, 1 
by the compass, the direction, called the bearing, of the sun > 
when it rises or sets If the bearing is measmed fiom the east , 
or west, it IS called the amplitude Fiom the latitude of the ; 
jilaco and the sun’s declination, the azimuth at siin-iise or sun- J 
set may be computed by the solution of a i ight angled sphei ical j 
tuangle. Foi in the right angled triangle foimed by the sun’s ^ 
polar distance, elevation of the pole and azimuth, cos lat, la- 1 
dius * : sm, dec, * cosm azimuth, Tlie diffcience of the ampli- 
tude obsOrvod and computed gives the variation 

SoipetiiueS; the shn’s azimuth and altitude aie obseived 
from the altitude, latitude, and decimation, the azimuth may he i 
oomputod, and thence the vauation found or knowing the la- \ 
titude, sun’s declination and lime of day, the azimuth may bo 
cQjpputed, and then compaied with the nzimiitU observed* 

S/HBf iPlao^s not far distant have nearly the same variation, 
oxO^lJtSiWt^Aho; poles 
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It 1ms been supposed that the vavmtion of the needle^ and 
latitude, would asceitain the position of a place, as well ns its 
latitude, and longitude, and thciefoie that the variation of tho 
needle would seive for finding the longitude But the vaimtion 
cannot be obtained with sufficient accuracy to apply it to this 
pm pose It seldom can be detei mined at sea, neaior than a 
clcgioe. 

296. The next subject to be explained, is tlio method of 
finding the longitude at $ea 

The difjfeience of the appaienl times at two places, found by 
tho difFeience of the sun^s angiilai distances from tho meridian, 
at any instant, at each place, is the diflfeienco of longitude, tho 
whole equatoi being consideied as divided into twenty- foui 
hoius 

297« If tlien wo have the lime of day at any place, the situ- 
ation of which IS known, and compaio it with the time at the 
place in which we aie, we obtain the difference of longitude. 

1 It IS easy to find the time at the place we are in, (ai t» 293,) and 
1 theiefore tho finding its longitude is leduced to find the time of 
day at some given place, as at Gieenwich, from whence we, in 
these islands, leckon our longitude 

Theie ai e tw o ^ mefliods of dmng^ this : by , time-keepers, or 
chiopometers, as watches for tJiis purpose are now usually called, 
and by making the motions of the celestial bodies servo instead 
of time-keepeis. 

298 It 15 evident, that did a watch or clock move conlinu^' 
ally at a uniform rate, it would afford ns a ready means of find- 
ing the longitude: foi if the chronometer, going mean timo, 
were set to the time at Greenwich, it would eontmually point 
out the time at Greenwich, and therefor^ by cbmpatiShg ;^hat 
time with the mean time at the ship, weshoul441r''Qnooimv^,the 
difference of longitude between Greenwielt nl^ ^,fhip Tlie 
apparent time at the ship can bb found iiyilbi # the. accuracy 
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necessary, Cart, 292>) nnd then applying the equation of time, 
the mean time will be obtamed 

299 It became thoicroYe an object of great imiioiiunco to 
construct a machino, tlio uniform motion of which might be de- 
pended on foi a length of time 

About the middle of the seventeenth century, Huygens and 
Hook made their celebrated improvements toward obtaining a 
legnlai movement in clocks and watches, the foimer by apply- 
ing tlie pendulum to clocks, and the lattei by applying a spiral 
spung to the balance of watches, 

Huygens himself pioposed the pendulum clock, foi find- 
ing the longitude at sea, and quotes trials actually made i but it 
is obvious, on a vaiioty of accounts, llint a ponduluni clock must 
bo very unfit for a long voyage “Watches also when made with 
the utmost caio \voie found to be by much too incgular in their 
I ales of going, to bo depended on for a length of time. 

Under those cucmnstances an act was passed in the loignof 
Queen Anne, in consequence of a petition fiom the meiclmnts, 
for encouraging the discovoiy of a method of finding the longi- 
tude at sea witlun certain limits, for appointing a boaid of lon- 
gitude, and for appropviatmg certain sums for encouraging at- 
tempts It was understood that the most desirable molbod, on 
account of its easy practice, would bo by time-kcopcrs. Mr* 
John Haivison early applied himself to the improvement of 
timo-keepevs, and dining a long life was continually intent on 
that o'bjeot^ ' After wmy attempts which did his inventive ge- 
nius the highest <Jiiedifc, and for which ho leceivcd cncomago- 
mont from the board of longitude, he at last completed a watch, 
which he considered poi feet enough to entillo him to £20^000, 
the highest lowaul ofiered Accoichngly in the year 1761, a 
bnal was made by sending the watch to the West Indies, and Ho 
\nn cdnsideiiod enliUed to £10,000, and the remainder 
lo’^be graxitdd td him upon strictly complying with die terms of 
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the act In the end, the whole, in consideration of lus long 
find mentoiioiis exeitions, was gi anted to him 

The act of Queen Anne only specified that to obtain the le- 
waul of £20,000, the ci ror of longitude, in <fx vojnge to the West 
Indies, should not exceed thirty miles This, in time, is about 
an euor of two minutes Hariison’s watch went within tins 
limit * but it was soon found that the object of finding the lon- 
gitude at sea, by time-keepers, was fai fiom being attained 
Tile eonstuiction ofHairison’s watch was extiemely difficult 
It seems that not more than one oi two have evei been made on 
his piinciples. He may be considered as having led the way, 
and as having tlie credit of attempting the two piinciples of 
peifcction, winch have foi many yeais past been inlioducod 
in the construction of chionometeis 

300, The two circumstances, by which cliionometers differ 
from common watches, are, 1 Tlie short time in winch the main 
spimg acts upon the balance This is accomplished by an 
escapement^ called the detached escapement The action of the 
mam ^pimg is suspended dining the gieatei pait of the vibia- 
tioii of the balance, and therefore the isoclnomsm of tho balance 
spring is only slightly affected by tlie external impression of the 
mam spring, thiough the intervention of the wheel work. 2dly, 
The contrivance for pi eventing the time of the vibration of Uio ba- 
lance fiom being afifected by heat or cold The balance, instead 

of being an entile ciicle, as in common watches, is composed of 
two arches (sometimes, but laiely, of tlucc) to the end of each 
of which a small mass is attached the external pait of tho arch 
is brass, and the internal part steel these are soldered togotlioi, 
and from the different expansive powers of the two metals, by 
cold the aioh becomes less curved, and by heat the contrary 
takes place, Tims the distance of tho attached masses from 
the centre is always such as to preserve the isodiionism. Chro- > 
nometers well executed may be depended on to V in a day. 
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These improvements in the consti action of watches have been 
claimed by bcveuil aitists, puncipally by the late Mi Ainold 
and Mr Eainshaw,'^ This is not the x>lace to discuss^ in any 
mannci^ their lespective claims, oi to enter into a compaiison 
of the moiits of the watches of difteient aitists Moie has al- 
ready been said than may be thought to belong to our subject, 
but the utility of chionoracteis, in then piesent state of pel fee- 
iion, IS such as to have, m a inannci, identified them wiili nau- 
tical astionomy* They aie become oxtiemely common, being 
fuimshed by seveial ai lists, at compaiativcly small puces, and 
me of most essential value on distant voyages, By them the 
longitude can often be found with gieat exactness, and by cai- 
rymg on the reckoning, when astionomical observations neccs- 
saiy fpr finding the longitude cannot be made, they will serve 
to point out the longitude m the interim. 

It IS evident, that in long voyages, chionometeis ought not 
to be trusted to, unless means of veiifyiiig them fiequently offers 
they aio also subject to a vauety of accidents that cannot be le- i 
mediod at sea Hence the lunai method now to be described 
must be considered as much moie valuable 

301 Of all the celestial bodies, the moon is to us fai the 
most convenient foi the pin pose of dotermimng the longitude * 
its motion, as seen from the caith, being much qiuckei than that 
of tho sun or any of the planets. 

By the Iheoiy of the moon's motion, its place on tJie concave 
sin face is known at any time ; that is, knowing tlie time of the 
day at Greenwich, the place of the moon is known, and vice 
versa knowing tho place of the moon, the time at Gi cemvich is 
Imown I so that if the lunai tables shew that the moon, seen 
fiom the centre of the earth, will be lO"" fiom a certain fixed 


* Tlip inoiiUofbolh these m lists have been acknowledged by considerable giants 
from the of LonglUidc. 
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! staij at SIX o’clock in the evening, at Gieenwich, and we make 
j an observation at any distant place, and find Unit the moon’s dis- 
tance ftoin the stai, leduced by computation to what it noiiUl 
be, seen fiom the centie of the earth, is 10“, we immediately 
conclude that it 6 o’clock at Gieenwicln 


1 



1 


, Thus the moon, with the biightei fixed stars near its path, 
may be consideiecl as achronometei, not made indeed by human 
hands, liut pel feet m its construction. It cannot, Jiovvevei, he 
easily used by us. The difficulty principally aiises from the 
rioivness of the apparent motion of the moon on the concave sin- 
face, and therefore gieat nicety is lequiied in mcasuung the 
angular distance of the moon fiom the fixed star The intu- 
eacy of the lunai motions is also anothei souice of difficulty. 
But these inconveniences have now in a gieat mensiuo been 
overcome by the impiovements m mstiumcnts, and in the lunar 
theory ^ and navigators now use with much success this method 
302. It IS biiefly as follows 

The obseiver measures the moon’s distance fiom the sun or 


a blight stai m the zodiac by means of an Hadley’s sextant oi 
a leflecting circle This distance must bo corrected Ibi refrac- 
tion, and i educed to the distance that would be obsei ved from 
thd centre of tlio earth, that is, coirected for parallax. The lu- 
nai tables are formed to give the place of the moon, as would 
be seen fiom the ceutie of the eartli. For more leadily com- 
puting the effects of parallax and lefraction, another obseiver 
should, at tho time of obsoiving die distance, obsei ve tlio 
heights of the moon and star. These altitudes need not to he 
ob^^rved with great accuiacy 

It being fdund by a reference to the tables at whiit time the 
I mooti was at this observed distance so corrected, the time at 

[ Gi eenwich is known. — 

To find the coriected distance, or to clear, as it is termed, 
the obseived distance from the efleots of part^llax and refrac- 
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tion, let Z (JFig 46) be tlic zenith. The star is elevated m a 
veitical circle by left action, and the moon is depi eased by pa- 
lallax mid elevated by refi action also in a veitical cuclo Let 
BP be the appaient distance^ R being the star and P the moon* 
In the veitical SZ take SR the lefractioii of the stai, and PM 
the diUcienco between the inoon^s parallax and icfi action, then 
SM will be the true distance 

Lot II the app altitude of the sun oi star 
IP = the app, altitude of the moon 
h = the true altitude of the suu oi stai 
h' = the true altitude of the moon 
A = the difr of appaient altitudes 
a tlie difl* of true altitudes. 


Then by aj^herical trigonometry, 


cos A — cos. RP_cos. a— cos. SM 
cos, IP cos II cos h co&TTT' 


both those quantities being 


equal to tlio veisod sine of the angle Z, Idence cos, SM si cos. 


A_C03.RP) 

cos J-P*cos. rl 


DifFeient methods of shoi toning the compulalion of this foi- 
inula, for the correct distance, mo given in the woiks which ex- 
pi cssly tieat on the subject Thoio aic othei methods by 
which the correction of the observed distance is obtained,^ 

303. The mconvouionces of the lunai method of finding the 
longitude aic, 

Isl. The gieat exactness loquisitc in observing the distance 
of the moon from tho star or sun, as a small error m the distance 
makes a considerable error in the longitude. The moon moves 
at the rate of about a clogieo in two hours, or one minute of 



» VW ” Tables requisite to be used wUli the Nautical Almanac ** 

MQndo7(i*s Treatise on Nautical Astronomy Mackay on tbc iongitude^ 
Transactions Hoyal Iilsb Academy, Vol xu 
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! space in two minutes of time* Tlieicfoie^ jf we make an crioi 
j of one minute in obseiving the distance, wo make an error of 
< two mmutes in lime, oi 30 miles in longitude at the oquatoi, 

[ A single observation with the best sextants may bo liable to mi 
eiior of moic than half a minute * but the acciuacy of the lesult 
i may be much uici eased by a mean of seveial observations, taken 
' to the east and west of the moon. 

If the moon had moved lound the caith m about three days, 
the longitude would have been as easily found as the latitude 
The fiist satellite of Jupitei enables the inhabitants of that pla- 
net to find their longitudes with as gicat acciuacy as can be dc- 
sned. 

2dly The impel fection of the lunar tables has also long been 
consideicd as an obstacle in this method The unpioved tables 
of Mason weie frequently enoneous by neaily one mlniiLo, 
winch occasioned an euoi of thirty miles But thcie is reason 
to suppose that the erioi of the new tablc'i of Bing and Burck- 
I hmdt will lately exceed 15", whicli aie only equivalent to seven 
i miles and a half 

I 3dly Anothei souice of incon\ enience is the length of tlio 
computation neccssaiy in tins method. Every thing possible 
was done by the late Dr Maskolyne foi obviating this difficulty. 
He recommended the publication of the Nautical Almanac, 
which IS now annually continued. In it the moon’s distances 
from the sun and seveial zodiacal stais of the first and second 
magnitude, me given for eiciy thiee hours. Such plain rules 
also, for 1 educing the obseived distance to the true, have been 
laid down, inoie particiilaily in publications directed by him, 
that the computation is veiy short, and merely mechanical, so 
that it cannot be mistaken by a person tolerably veised in arith- 
metic 

304 Tire method above described is now uni vei sally prac- 
ticed in the seivice of the East India Company, and begins to 
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be held in mucli estimation in the navy The East [ndia Com- 
pany makes the knowledge oF the piactice of this method a ne- 
cessaiy requisite m its officeis 

By lithe longitude will he gcneiaUy known to less than 
twenty miles, very often much ncaier This, although less ne- 
curate than the latitude, is an invaluable acquisition to the sea- 
man ' it gives him sutticieni notice of his nppioach iowaids dan- 
goions situations, oi enables him to make foi his port without 
sailing into the paiallel of hitiindo, and then, in the seamnii^s 
phiose, iiinnmg down the poit on the pniallel, as was dono be- 
fore this method was pinctised Fifty ycais ago navigators 
did not attempt to find then longitude at sea, unless by then 
icckomng, which was hardly evei to be depended on, The 
difficulties they experienced me easily conceived 

305, The piesent age must considei itself as punci pally in- 
debted to the late Di, Ma&kelyne, the Aslionomei Royal, for the 
advantages which we derive from the lunar method ol finding the 
longitude, and doubtless to him also postciity will acknowledge 
iheir great obligations He, by liis own expeiienco, on his voy- 
age to St Helena m 1761, fust satisfactorily showed the piacti- 
cahility of this method. Ho siicnuously icconnn ended," and 
then siipeuniendod the pnhlicntioii of the Nautical Ahunnao 
and of those tallies, without the assistance of which, this me- 
thod would have been of little value to the seaman To his 
observations is owing the present poifccUon of thclinmi tables, 
and ho uniemittingly assisted and eiicouiaged ovory attempt to 
forward the discovery of the longitude at sea, whether by tins 
method ov by time-keepers ^ 


VitI, Di Mnskelync’s mcmoUali picscntcd lo tlio Commissloiieis oflhc Lou- 
gUiule, Ftb 0, 17C5,iirlntetl In the Appendix lo Mayei’s Tables 

■^Tlic Thcoiy ol tUoliinai inetliod h very oldj Indeed It la ao obvious, tlmt it 
could Bcaicoly have been ovcilookcd In the Infancy oi astronomy hut ilic ptneiice 
of it long ’iocmod subject to lusurmoiuitwblc iHfilcuUies, 

P 
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306. It has been supposed that tlic eclipses of Jiipitci*s sa- 
tellites might be of gicat use in finding the longitude at sea. 
Expeiience> howeveij has shewn the contraiy; it has been 
found impossible to manage a telescope on shipboard so ns 
to observe the eclipses All attempts to lemedy this difficulty 
have hitheito failed 
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CHAPTER XVII. 

APPriCATlON OF ASPRONOMY 10 01 0 Cl RAPIIY—MV ABU RWr-NTb OF 
OPGlirFb OF LATITUDF 

307 Astronomy fuinislics several mctlio els of (incliiig Inli- 
tnclcs and longitudes at land Bui the lalter me fonncl with 
much greater tiouble, and less nccuincy than the foimci The 
methods of finding the latitude of a place by observations made 
by the laigcr instruments, have been before mentioned, and it 
will hero be only neccssaiy to lake notice of the use of ITadloy^s 
sextant for this purpose. By means of this poi table iinti iimcni, 
the latitude may be found from obseivailoiis of the sun^s meu- 
diaii altitude, with a degree of acciiiaoy sufiicient foi many pur- 
poses of gcogiaphy 

308 At sea, the hoiiyon is genemlly suiricioiitly defined to 
seiVQ for mcasiiiing ibo sun's aUitudo,by TTudlcy’b sextant i but 
at laud, an aitilicuil bouxon is necessary, that is, wo must make 
use ot an hoiizontal icllcctmg smfaco, by winch ainmagc of the 
sun may bo formed by loflcelion We inoasnio, by the sextant, 
ibo angiiUu distance between the upper or lower limb of the sun 
and its loflccted image, whicli distance is twico the aititudo of 
the limb, because llio rays of light are so reflected that the an- 
gles of incidence and reflection aio equal 

There are various methods of forming this artificial horizon. 
Mercury and water aflbul the most convenient horizontal sur- 
faces, when shcltoied fiom the agitation of the air. For general 
use, poilmps, water ought to have the piefciciice, 

309 With iGspcci to the longitudes of places at land, our 

p2 
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naeons of obtaining accuiacy aie much greatci than at &ca» Wo 
can lepeat om observations at oiu leisme, and iiso such obsci- 
vations only as admit of the gieatest precision Kiom the pre- 
sent state ofGeogiaphy, as to the moie known parts of tl\o 
woild, it cannot be much advanced by the lunar method of oh- 
taming tlie longitude. 

An occiiltation of a fixed star by the daik edge of the moon^ 
obsei ved at two places, the longitude of one of which is known, 
affords the greatest precision ; because this phenomenon is in- 
stantaneous. 

Eclipses of the sun rank next, but aie not quite so accurate, 
because the beginning and end of an eclipse of the sun cannot 
be observed so exactly as the occiiltation of astai by the daik 
edge of the moon The tiansits of the infeiior planets also 
afToid much accuiacy 

The obsei vations, however, winch occur most ficquenlly are 
the eclipses of the satellites of Jupiter The fust satellite 
passing moie quickly into the shadow of Jupitci than the othcis, 
is best adapted foi this pin pose By taking a mean of the re- 
sults of the obsei vations made on the first satellite, both in its 
immersions and emersions, great accuiacy can be obtained. 

310. By the assistance of a transit instrument, the longitude 
of a place can be had fiom obsei vation of the difference of the 
limes of the passages of the moon and a fixed sloi, compaied 
with the difference obsei ved at Gieeiiwich oi m some place of 
known longitude. 

Foi the diffeience of the diffeienccs aiises fiom the increase 
of the moon’s light ascension in ihe inteival of its passages over 
the lespective meridians Fiom the lato of increase of the 
moon’s right ascension is known the time coi responding to any 
given increase, hence the mteival of time elapsed between the 
passages of the moon ovei the two meridians, and then the lu- 
tevval of bideieal time elapsed between the passages of the fixed 
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siai over the two moudmnsj which the dilferoncc of lougi- 
tilde 

31 For pniticvilms oF the practice and compulation oi nil 
the above methods^ lefeicnce must be had to thclaiger n&iiouo- 
mical woiks 

The computations foi occultations^ toi tnmsils of the infcnoi 
planets^ and for eclipses of the sun, me long and complex This 
arises fiom the oflfbcls of paiallax, the phenomena not being ol> 
seived at the same lU'^tant by ouch obsciver 

Tlie only difficulty, wbelhci at soa or land, foi finding the 
longitude, 13 to ascertain the time at a place wheie the longi- 
tude IS known. Tina may be asccitained for ncai places as well 
by ten estrial signals, as by celestial obsci rations. An eclipse 
of a satellite of Jupitei may be compmed 1o a signal An ex- 
plosion 01 an instantaneous exhibition oi extinguishment of a 
light being observed at two places, and the time noted exactly 
at each when it took place, the dilfcrencc of longitudes will bo 
had l)y simply taking the diffcienceof the times In this man- 
ner consideiahle assistance has been aftoidcd to Geogmphy 
312. But the meio knowledge of the latitudes and longi- 
tudes of places IS not suflicicnt for the Gcogiaphcr The exact 
figure and exact magnitude of the eaitli are also neccssaiy m 
Older to a&coiltun the exact distances of places, to describe and 
to plan the scvcial countries. 

On the hypothesis of the earth being a sphoio, nothing moio 
IS necessary towaid asceitaining its dimensions than to 'measure 
the length of a deg}ee oflalitiule that is, fo dctcimnic the 
Icngib of an arcli of n terrcstriul meridian, the latitudes of the 
cxtiemilies of which diflcrby one degice Tlie mode of a&cei- 
laining this is easily undci stood 

Tlio difleionco of latitude of two places in nearly the same 
incridiun is lo bo ascertained liy celestial ob&eivations.. The 
distance, on Ihcmendian, Jielvvccu these two places, is to be ol)- 
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tmnad by tenesfual measiueniGut A horizontal base line of a 
few miles in length, is to be measinecl in a convenienl situation, 
and this base is then to lie connected with the two places by 
ibiining a scues of timngles, the angles of which are to be mea- 
sured by Q propel instiument, and then the distance of the two 
places Goinputed by Ingonometiy 

313 Let Q and T (Fig, 47) icpiesont two places ncnily in 
the same mciidian QM , the line AC the base, Ibc length of 
which IS ascei tamed by actual measuiemcnt The angles of the 
tiianglcs ACH, APH, NPII, l^NQ, also of CIIK and CTK 
are to be a&cci tamed by an instiuincnt adapted for taking angu- 
lai distances Two angles of each tiiunglo would be suflicicnl, 
as fiom thence the thiul angle is known but to voufy the ob- 
servations it is usual to observe all the angles of each triangle, 
The base AC and the angles of the timngle ACIl being 
Known, the othei sides AH and IIC aie had by computation, 
and thence the aides of the triangles AITI, PHN, PNQ, CHK, 
and CTK 

Fioni T diaw TMG peipendicular to the meudiaii QM, 
also let DQ, PR, and CF be pci pendieulai to QM, and PD, 
AE, AF, and CG paiallel to the same 

Now QM = DP + AR + AF + CG The sides PQ, 
PA, &c being known, PD, AE, &c will be had by tho solution 
of right angled tiiangles, piovidccl the angles DQP, EPA, &c 
aio known These angles will he known if the angle PQM, or 
the angle that the direction of one of tho stations P seen fioin 
Q makes with tho meiidian, be known. This angle may be 
obtained by diftbient methods. 

The aim being obsoived m tho same veitical ciicle as the 
object P, the azimuth of the sun may be computed ftom the la- 
titude of the place, the decimation and distance in time of the 
sun from the meiidian, thus the azimuth of P oi the angle 
PQM will be had. 
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The polo star^ when near its gieatest clongalioii fiom the 
meridian changes its azimuth ^very slowly* and theiefoie is 
vciy convenient foi asceitaiinng the diiection of the object in 
icspcct to the mciidian. The differences between the azimuth 
of the polo sUr* when at its gieateat elongations east and west^ 
niid the azimuth of the object being obtained, half the sum oi 
diflbionco of these will be the azimuth of the object. 

It IS evident that when the inclination of PQ to the meiidian 
IS known, the inclinations of PA, AC, &c to the meudmn and 
Its paiallcls will also be known, because the inclmaiions of these 
hues to each other are known 

The observations being made foi ascci laming the length of 
QM,iho dlflcrence of latitudes of the stations Q and P is to be 
observed with the utmost accuracy, by means of a zenitli sector 
01 othoi instillment affbiding sufficient exactness 

Foi this pm pose the zenith distance of a slai neai the ze- 
nith IS to be obseived at each place, and the sum or diffeience, 
according as the star is on a diffeicnt, oi on the same side of the 
zenith at each place, will give the diffeience of latitude. The 
changes in the apparent place of the stai between the obseiva- 
tions, aiising fiom nbcnation, &c., must be taken into the ac- 
count. 

The lenglh of ilie aic of the meudian, coiiesponding to a 
known dificionce of latitude, being thus found, the lenglh of one 
dogiec will be had by a simple piopoition 

311. The inmuie particnlais that must be attended to, in 
older to obtain the greatest accinacy, cannot be enumciatGd 
lieie. They aio to be met with in the soveinl accounts of the 
model n mcasiuemenis 

If the nisluiment, used in measiiung the angles, give the 
anguku distance and not the houzontal aiigulai distance be- 
tween the objects, the elevations oi depiessions must be also 
obseived, that the honzontal angles may be computed 
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The tiianglob foimed aic not plane luaiigles^ but sphoucal 
tnangles not clifFeiing niucli fiom plane The sum of the tlnce 
angles of each, is theiefoie somewhat moie than 180 *^ ; but this 
e\cess lb easily computed, and theicforo the sum of the tlnce 
angles may be still used foi verification 

The computations of spheiical tnangles being nioio difiicnlt 
than of plane tnangles, matliematicmns have devised ingenious 
methods to i educe the computation of these spheiical to plane 
triangles, being assisted by the small diffbicncc between them 
and plane tnangles, 

315 Tile lesiilts of diftetent measurements have shown that 
the degrees lowaids the poles aie longer than those neaioi the 
equatoi ; and theiefoie tliat the earth is not exactly a sjihoie. 
This will be bettei imdei stood by a shoit account of the pnn- 
cipal steps by which wo have ai lived at oiu picsent knowledge 
of the foim and dimensions of the eaith. 

316 The fiist modem mcasuiemcnt distinguished by a to- 
leiable degice of accinacy is that of Norwood in 1635 lie 
ascei tamed the diffbience of the latitudes of London and Yoik, 
and then ineasined then distance, allowing foi the turnings of 
the loads and foi the ascents and descents, l^oin which he de- 
duced the length of a degiee=: 123,309 English yaids Ac- 
couling to the latest deteiminations it should have been =: 
121,660 yaids 

At this tune no ciicumstances weic known, which could tend 
to a knowledge of the exact figiiie of the eaith 

In the yeai 1671 it was discoveied, by a compaiison of the 
times of vibi aliens of the pendulums at Cayenne and Paris, 
that the weights of bodies weie less neai the equator than at 
Pans Fiom whence Huygqns consideied it probable that the 
foim of the earth w'as not spheiical, but that it was a figure 
foimedby the revolution of an ellipse about the Icssei axis 
Sir Isaac Newton, aiguing fiom justei pimciplos than those of 
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Huygens^ was also led to the same conclusion, and actually com- 
puted the latio of the equatoieal anclpolui diamoteis, on the hy- 
pothesis of the earth having been at fust an homogeneous fluid, 
revolving on its axis The latio of the equatoreal to the polar 
dinmetei ho found to be 230 » 220 At this time, 1G86, no 
evidence from actual incasuiomont existed, but Newton lived till 
xt was asccitained by obbcivation, that the ratio of the polar and 
cquatoical diameters of Jupitei was neaily such ns his theoiy 
gave on the Hypothesis of an umfoim density* Ho also lived, 
till the lesiilts of actual meabuioments made in lOancc appealed 
enincly inconsistent with the fonn which ha hud assigned, 
Subsequent mcasuiemcnts, made soon after Newton’s deaili, 
fully establi&had that the cqualoieal oxeecded the polai dia- 
meter. 

317* Ihcard in 1C70 mcasuiedan me of the meridian, com- 
monemg near Palis and extending noiihwaid, and found, in lati- 
tude 49i°, a degree ;= 121,027 yards, difleiing only by about 
35 yauls, fiomwdiat is now con&idcied as the most exact length 
This accuracy seems to have been accidental, and obtained by 
a compensation of eriois 

A few years aftenvard, by older of the Fiench King, Cas- 
sini, assisted by sex oral otliei astionomeis, undertook the mca- 
snic of the whole aie of the mcuchan extending thiongh Fiance 
fioin Dunkirk to Colliouie. This woik was finished m 1718 
Among the results obtained, it was found, that in laUtude 46^ 
a degree of the moridjan :=: 121,703 yards, and in latitude 
50“ 121,413. 

Thus the degrees appealed to dimmish as the latitude in- 
ci eased, instead of the contimy* Foi it is evident that if the 
ciuvaturo of the earth dimmi&h as we lecode fiom the equator 
toward the poles, the degices of latitude ought to increase, be- 
cause the less the curvutiue, thcgicatei space must be gone over 
to change the elevation of the polo by one dcgiee. This result 
ihoieforo appealed to contradict Newton’s conclusion, that the 
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eaitli was nearly an oblate sphcioicb that is a aohd, roimed by 
tliG levoliition of an ellipse about its lessei axis To suppoit 
Newton’s conclusion^ it was objected that these degrees wcic so 
noai each other, that tho ciiois of observation and mcasmement 
might gicatly exceed the difleiencc of degrees that would come 
outfiom computation by Newton’s figure But tins mode ol 
getting ovei the difficulty was not satisfactory. It was still con- 
tended by some of the French Academicians that the polar dia- 
nietei of the eaith was gi eater than the cquatoreal 

To remove all doubts it was proposed that two degrees 
should be measuied, one, as neai to the cquaioi, and the oihci 
as far noithward, as conveniently could be done, 

Accoidingly m 1736, a company of French and Spanish 
astionomcis went io Peru, to ineasiuc an arc near tlio oquatoi, 
and a company of Ficnch and Swedish astionomcrs iindeitook to 
go to Lapland and measuic an arc ncai tho Arctic ciiclo 
Tlic inteiestmg particulars of then labours and difiiciiltios 
have been minutely desciibed by themselves, and Ihcii cxeitions 
foi attaining tho utmost accuracy cannot bo sufficiently ndmiied, 
Fiom a comparison of the meusuiemenls ni Pern and in 
Fiance, the equatoical diamctci’* appealed to exceed the polai 
by about part of the whole 

Fiom a comparison of the measuicmonls in Lapland and m 
Fiance, the excess appeared to be 

Thus the puncipal point was settled, that the carOi was 


® Kthe density of the eailh 'vverc uuifoimi and If tho caitli had been oiiginally 
m a fluid slate, its form would he accurately that of a spheroid, gcneiatcd by tho 
revolution of an olUpso about Its mlnoi axis The propoition of ita dlamoLeis would 
then be readily investigated from a comparison of the lengths of two degieos of lati- 
tude (Vince’s Astronomy, Vol li p 98 ) As, however, the exact form of the 
enuh 19 not known, the mvesiigatlon of the proportion of tho dmmeters from ilm 
comparison of two degrees of latitude is oniy to bo considertid as a near approxi- 
malion. 



GIIAL* ^Vll] APIU OF ASTRONOMY I O CiLO&lUrHV 


219 


flaltei lo^Ynuls the poles, but the qiuiiility of that flatness scciu^ 
cd by no menus ascortained The mcasiucs in Laphuid and in 
l^eiu seemed quite discoidant, Buifiom scvcial ciicumstances, 
gi enter confidence 'was placed in the measure in Peiu than in 
Lapland , although the latter seemed executed \yiUi all due 
cnrc. 

318* Arcs of the ineiidian have since been measured in se- 
veral countries : but till vciv lately^ no satisfacloiy conclusion 
was diawn icspccting the degree of cllipticiiy m the eaUh, and 
oven now gi cater exactness is deshed 

In the year 1787, it was detei mined to connect the olisorva- 
toiios of Gieeiiwich and Paris by a scucs of triangles, and to 
coinparo tho diflFei cnees of longitudes and lalitudcs, ascoiluiiied 
by astionomical observations, with thoso ascei tamed by actual 
measmomeut The laic Major Gcneinl Roy conducted the 
British measuicment* The British Timngles were connected 
with those of the Flench, by obsorvaiioiis made across tho stiaits 
of Dovei* In this nmnnci assuming tlie latitudes of tlic iesi)oc- 
tivc observaioiies, as had been pieviously ascertained, it was 
found that in latitude 50® 10' a degree of the meridian was 
131,686 yards. 

The inonsuicinenL in England, uhich was begun with u le- 
feicnco only to the rclaiivo sUimUous of tho obscrvaloues of 
Giocnw’ich and Paiis, was extonded to a suivoy of tho whole 
kingdom. This, General Roy having died, was conducted by 
Colonel Mudgo, with gicat skill and assiduity. In tho cotirso 
of Ins sui vey, in the year 1801, he measured an are of the mo- 
iidian, between Dunnose in tlic Isle of Wight and Clifton m 
Yorkshire Tho diffeicnce of latitude (nearly thico dcgieos) 
was asceviainod by an excellent isenith scctoi, made for the oc- 
casion. 

From tins measurement it lesultcd, that the IcngOi of u de- 
gree in latitude 52'" 2' = 131,64.0 yaids 
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319 An aic of the meiidian of neavly 10^ m longlli 1ms 
been ineasui eel m India, between a station near Capo Comorin, 
in lat, 8*=^ 9', and a station in the Nizam’s dominions in ktitude 
18^ 3^ This has been achieved by the exertions of Majoi 
Lamblon continued dinmg several years He was fuinishod 
with excellent instuimcnts, sunilnr to those used by Colonel 
Mudge The lesult of Majoi Lambtou’s measurement gives 
120,975 yaids foi the length of the degree in lafitude 13^ 3^ N. 

A compaiison of the degrees ascertained by Colonel Mudge 
and Majoi Lambton, gives the excess of the cquulorcal above 
the polar diametei = 

320 At the tmio the English moasiii emeui was going on, 
the Fiencli astionomeis Mochain and Delambio engaged in 
measiiiiiig the arc of the meridian fiom Dunkiilc to Biucolona, 
which places me neaily imdei the same meiidian, and difTor in 
latitude by about 9^°. Then operations commenced in 1792, 
and after stiiiggling with the gicatesi difficulties ausmg fiom 
the unhappy situation of tiicii country, they succeeded in accom- 
plishing the objects of their labours From this mcasuiemonl, 
compared with the measuiement ncai the equator in 1736, &c , 
they deduced the excess of the equatorcal abo\G the polar din- 
meter = 

321 In the yeai 1802, M Swanberg and other Swedish 
astionomevs undertook to repeat the operations of the Fiencii 
Academicians, which they had pei formed near Tornea m Lap- 
land in 1736 This was an object of considerable impoi lance, 
on acroimtofthe diffeient lesults deduced fiom the compaii- 
sonsmade with the measurements in Franco and Peui 

M, Swanberg has given a most able detail of this operation 
and of the coniputations< The losult which he deduces from a 
compaiison with the new measuiement in France, is an excess 
of the equatoreal above the polar diametei = 

A comparison of the measurement of Major Lamb ton and 
of hjs own, gives the excess, the same, viz. 
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Othei compausons incline him to fix the most piobable ex- 
ccss at 

The dl&coiclance of the dcgiee measuicd in Lapland in 
173G and 1802, led to an exnniination of the souice of the dif- 
feioncej and it appealed that the French Academicians had 
Cl red ten oi eleven seconds in the latitude of one of then sta- 
tions. All then othei measmements weie vciified Thiseiioi 
was suflicient to account for the diffeieiiceof icsults 

322 Aftei all that has been done, much uiiceilauity voinains 
ns to the tiuo figiuo of the oaith ' seveial measuienients of de- 
gices of longitude, compaied with the degices of latitude, give 
a much greater diffcieiice of dininetcis' however the nieasiiie- 
mont of a dcgico of longitude cannot be so accurate as that of a 
degree of latitude, on account of the difliculty of ascei taming the 
difleienco of longitudes of the oxtieinities 

323. The operation of measuiiiig a degiee of latitude con- 
sists in ascertaining the length of the aic of the meiidian, and 
in nscci taming the diffeience of latitudes of the extremities. 
The lattei pait is not susceptible of near so gieat accuracy as 
the foimer A second in latitude answers to about 33 yaids, 
and the difTciencc of latitude cannot be probably ascei tamed 
nearer than two seconds, supposing no cause of iricgulniity to 
nnbcl the plumb line. But iheie is suflicient pi oof that the 
plumb line is sometimes displaced several seconds by the at- 
tracliou of mountains or of different stiata Colonel Mudge 
and the Fiench astronomers oxpeiieiiced this, in a consideiablo 
degree 

The teireslrial measurements aio susceptible of gicat accu- 
racy Ills usual to measiuea base of veiificatioii, as fai dis- 
tant fiom the (list base as can conveniently be done, and then 
compaiG this base with its length deduced by computation, fiom 
the first base and the angles mensiuod ’ this was done by the 
Fiencli aslronomeis in Iheii late suivey The length of the 
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base of veilfication measiued was upvvaid of 7 milos^ and at the 
distance of above 400 miles fiom the foiinei bnse^ and yet it did 
not differ by 12 inches fioin the length infci i ed by computations 
324 The instuimcnts used in the English moasuremenb 
and in that by Majoi Lambton, weio a steel clmnij an iiistiu- 
ment foi taking honzontal angles, the ciicles of which were 3 
feet in dmmetci, and a zenith secloi Mi% Ramsden cxeitod 
his gieat talents in making the construction of these iiistunncnts 
as pel feet as possible 

The flist base in the Englisli measinement was above fi\e 
miles in length, and was measiiiedin 1787 by glass lods * it was 
again measined in 1791 by the steel chain, and tho two men- 
sinemcnts diffeied only by about 3 inches 

The instillment foi taking the angles, sometimes called 
Ramsden’s Theodolite, besides the accuiacy it affoided, gave at 
once the houzontal angles, in winch it had a gieai superiority 
ovei the mstiuments by which the angular distances between 
the stations weie taken, and which afterwards icquuod to bo re- 
duced by computation to tho houzontal angles 

325« In the leccnt measiuemcnts in France and Lapland, a 
lepeating circle, of which the radius was only a few inches, was 
used foi taking the angles and making tho observations for the 
diffeienco of latitudes of Uie extiomities of tho arcs. Plowover 
Inadequate at fiist sight such an instrument may appeal to ob- 
tain conclusions in which extreme accuracy is required, it must 
be allowed that it fully answeied the purposes foi which it was 
intended. The length of the compulation was much inci eased, 
as the angles observed were to be reduced to the horizon, and 
othei reductions made . but these inconveniences seem much 
mole than compensated by the poi tableness of the instrument. 
The bienoh base w'as measured by lods of platina the 
Swedish by lods of non ♦ the requisite allowance was made for 
the changes of temperatiue during the opeiations, 
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326. Tho result of the measuiement in France 1ms been 
used to ascertain a stnnduid of measuie The length of a qua- 
drant of the mendiaii was computed and found to be 5,130,740 
loiscs 01 10,936,578 English yaids This was divided into ten 
million parts, and ouq; pait, which was called a ^netie^ was made 
the unit of mcasme. All other Fieiich measures aie deduced 
docimully from this The Fieneh metie tlien is 1,0936578 
yauls, or 39,37 inches neaily 

Computing fiom tlie length of the dcgice m latitude 45^^ the 
moan dmmetoi of the earth comes out 7912 English miles 
nearly, and adopting the ft action the equatorcal diametei 
will exceed tho polar hy about 25 miles 


^ A 1 elation of tlio meixstirement in Lapland m 1736, was published hy Mau- 
poituis, and also by tho A.h\>6 Oiithicr, which is more mnuilD than that of Mauper- 
inis , (vUh Conn, dcs Tenn> 1808 ) Sepavate accounts of the measuiemenls m 
Peui, were published by UUoa, Bouguoi, and Condamine 

A vciy pairllcular account of tho mensmement m Fiance was published by Cas- 
film In \Hi 

The paitlcuiais of the loccnt measmement m Ti-ance have been published by 
Dolambrc, and of that in Lnpland hy Swanherg \ (vide Conn des Temps, 1808 ) 

An account of tho measincmcnt hy General Roy, will be found in the Phil 
Prana foi 1787 and 1700 Of that hy Coh Mudge m the Phil Trans for 
1803. 

Tiic latest account of Meyor Lambton's measurement is given in tlic Phil Trans 
1818, p. 2, 

An Intel csling account of the diffcient measuiemcntb is also given under the 
111 tide ” Degree” In Rccs'g Cyclopgcdin 
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CHAPTER XVIIL 

ON THE CALENDAR 

327 Among tho cliffeient divisions of timc^ the civil yea) 
IS one of the most impoitant Tho solar yeai , oi the inteival 
elapsed between two successive roluins of the siin to tlio same 
equinox^ includes all tho vaiielies of seasons, 

The civil yoai must necessarily consist of an exact number 
of days, But the solar year consists of a certain number of days 
und of a pait of a day, (art 214 ) Hence an aitifico is ncces- 
saiy to keep the commencement of tho clitToieni seasons, as 
neaily as possible, m the same place of the civil year ' tliat is, 
if the sun entci the equator on the 20th of March in one ycni, 
that it may always enter it on the same day, oi noaily on tho 
same day, and that the solstices may be always as nearly as pos- 
sible on the same day. 

The common civil year consists of 365 days. The solar ycai 
of 365 days, 5 boms, 48 minutes, and 50 seconds, or 365 days, 
6 liouis neaily, 

It IS evident that if each civil year were to consist of only 
365 days, the seasons would be later and later every year, and 
in piocess of tunc change tlnoiigh every pait of the year 

328, In the infancy of asti onomy, it was not to be expected 
that the exact length of the solai yeai could bo obtained with 
much accuracy, and we 6nd the Egyptians and other nations 
availing themselves of anotliei method, by which they i egiilatcd 
the times of their agucultural laboius. They observed when 
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Siiuis or AiclupuSj or some othei blight star^ aftei it had been 
obscured by the splendoi of the solar lays, first became visible 
m the cast, befoie sim-rise This is called the heliacal rising 
of a stai From this time they icckoncd a ceilaiii numbei of 
days to the commcncomctit of the i espective seasons of plough- 
ing, of sowing, and of othei laboius m husbandly* 

In this manner they dispensed with an o\act knowledge of 
the length of the yeai They wcie ignoiani of the piecessiou 
of the equinoxes, which iii a few cen tunes would have occasioned 
their rules to fail, or lalhei to change, 

329. The fiisl useful and talciably exact legulution of the 
civil yeai, by help of the solar, look place m the time of Julius 
Ctesar It was then provided that every fouith civil ycai should 
consist of 366 days, and the addition of the day should be made, 
die sexto calendas martins/’ whence the term applied 

to the yoai that consists of 366 days • we usually call it leap 
year, and the additional day is called the 29th of Febuiary, 

The Calendar so ordered was called the Julian Calendar 
330 By the council of Nice, held m the yeai 325, it was 
fixed that the feast of Eastei, by which tlio moveable fasts and 
festivals of the chinch aie icgiilaled, should be the fust Sunday 
aftei the fust full moon, which happened on oi aftci tlic 2Ut of 
Maich* At that time the oquinox happened on the 2Ht of 
March. Thus the festival of Easlci was intended to be legu- 
laled by the spimg equinox 

At that tunc it must have been known that the excess of the 
solar year above 365 days was not quite six liouis, lUid that 
IhcrcfoiOi in using the Julian Calendar, the cepnnox would hap- 
pen sooner every year. Tlieio however seems to liave been no 
piovision made on that account 

The tme length of the solar ycai being loss than 365 days, 
6 hours, by 11 minutes ncaily, the equinox every foiuth yeai 
was ncmly 44 inmiUcs earliei, and m coin sc of time the 2 1st 

Q 
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of Mavchj instead of being the day of the equinox, might Imvo 
been the clay of the summer solstice Thus the fast of Lent and 
festival of Easter might have been observed in the middle of 
sumnici, 

This inconvenience was foreseen befoie any mateual alteia- 
tionhacl taken place* In the time of Pope Gicgoiy^ in 1577^ 
the equinox happened on the lllh of March^ or ten days be« 
foie the 21st It was then detci mined to remedy the crioi that 
had nlieady taken placc> and to provide against a fiitine accii- 
niulatiDU 

It must lie generally allowech that it was light to guard 
against an inciease of the enoi, but it may be doubted whether 
a gi eater inconvenience did not take place to the people in go- 
iieial by coi reeling the enoi of the ten days^ than if it had le- 
inained. 

33L The 5th of Octohei, 1582> was called the 15lh, and 
ilnis the equinox was icstoied to the 21 st of March, 

A recurrence of eiior was picventod in the following man- 
lier The tuic length of the solai yefu^ as far as it was then 
known from the best tables, founded on the obseivations of Co- 
pei incus, Ptolemy, and Hippaichus, was 365 days, 5 hours, 49 
minutes, and 16 seconds. By adding a day every foiutli year, 
in 4 years the addition was 4 X (10"^ 44^) too much, oi the ac- 
cumulation of erroi m 400 yeais = 400 X (10"^ 44^) 2 days, 

23 houis, and 33 minutes nearly^ Hence If, instead of making 
eve^y fourth year leap yeai, every bundled th year for three cen- 
tuues successively be made a common year, and the fourth hun- 
died yeai be a leap year, the erroi in 400 years will be only 
about 27 minutes, and theiefoie the euoi in 20000 years would 
not be moie than a day. 

Hence the correction adopted by Pope Gregoiy, that the 
yeais 1700, 1800, 1900, 2100, 2200, 2300, 2500, &o, which, 
by the Julian Calendai, aie leap years, should be common years. 
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and that the yeais 2000,2400^ &c* should leniain leap yoais, is 
(juitc suflicicul The more couect length of the solai ycai^ as 
nowdoteimined^ pioves the Giegormn collection les.s oxaclJiiU 
not materially so 

332 The Giegorian, or the new style, was not adopted m 
Piotestanfc covin tucs, till a consideiablc time had elapsed 
When it was adopted in England m the year 1752, the eiioi 
amounted to 11 days This was lomcdied by calling the 2nd 
of September, 1752, the 13lb 

The cficciof thus putting, as it were, the seasons backwaul 
by 11 days, must at that tune have been disagiceable That 
oiir mode of leckomng time was made the same as that of 
oihei nations, was doubtless a convenience But it might have 
been more confounable to oui chmalo and the original notions 
of the festival of Easier, which regulates the other moveal3lo 
fasts and festivals of the church, if the on or that had alioady 
accumulated fiom the Julian Calendai had lomamed, and the 
Gregorian correction against futuieerroi had been only adopted 

The emly climate of Italy might have pi mcipally induced 
Pope Giogory to bung back Eastci to the legulations of the 
equinox* and it may have been a powoiful motive in Russia foi 
not adopting the Giegoium altciation in the style, that by re- 
taining and sufleiing tlie eriors of the Julum Calendar to accu- 
mulate further, the fast of Lent and festival of Easier will fall at 
limes more convenient in respect to thou seasons 

The yeai 1800 having been by the Julian Calendar a leap 
year, and by the Grogoiian a common yeai, the Russian date is 
now 12 days behind that of the other countucs of Euiopc. 

333, The time of the festival of Easier depends on the fii si 
full moon on or after the 21st of Maich, and theicfoic, stilctly, 
rcooiirse should be had to astronomical calculation to asceitam 
the tune of Easioi for each year Bnt it is sufficient foi this 

Q 2 
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puipose to use the Metonic Cycle, (oit 137,) the numbers of 
Avhich are called Golden nmnbeis* 

Shoit lilies and brief tables aio given in the Act of Parlia- 
ment for changing the style, and aie usually picfixcd to the 
Book of Common Piayei, by which the times of Easter may bo 
found foi any mimbei of years to come The computation so 
made, must sometimes differ fiom what a moie exact calcula- 
tion would give, and the time of Eastei, if exactly computed, 
may vaiy considerably fiom the compulations founded outlie 
Metonic Cycle* Howevei, as the latter mode of calculation is 
pi escribed by the Act of Pailiament, no inconvenience, fiom 
uncertainty as to the time m which the festival of Easter is to be 
observed, can arise 

By exact computation the 1st of Apiil, 1798, should have 
been Easter Sunday, whereas by the Calendar piesciibcd it was 
not celebrated till the Sunday after* Also the 29tli of Mnich, 
1818, should have been Easter Sunday, instead of the 23nd of 
Maich, as found by the prescribed mode of calculation. 
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CHAPTER XIX. 

ON THE DISCOVERIES IN PHYSICAL ASTRONOMY 

334 The nstionomical knowledge, that existed befoic ilia 
timo of Sir Isaac Newton, was cleuved flora long mid tedious 
obspi vationsj which had been continued tluough many ages. 
The vniious dlscoveiieSj such ns ihc elliptical motions of the 
planets, tlic law of the pci iodic tunes, tliepiecession of the equi- 
noxes, the diicct motion of the apogee of the moon’s oidni, the 
letiogmcle motion of its nodes, the variation and evection of 
the moon, weie apparently so many imconncctcd cncurasfcances. 

It was Newton who fust, fiom a few geneiul laws of matter 
and motion, by help of mathematical pnnciplos, shewed the oii- 
gin and connexion of these diffcieut pliccnomena, and that they 
woie simple rcsnlis of the gcneial piopeilics which the Cicatoi 
lias oidainod should belong to matter and niolion Befoic his 
lime l^liysical Astronomy did not exist The attempts of Kep- 
ler, Des Cmlcs, and others, to explain several astronomical 
phoenomcna fiom physical principles, now scarcely deserve 
notice. 

335 It would be incompatible with the plan of this woik 
to enlei into any detail of the matliematicai pi mciplcs of )>hysi- 
cal astronomy But the discoveiics in physical, aie so conneot- 
cd with plane nstronomy, and so impoitant, lhai it was not pos- 
sible to avoid tho mention of many ot them, when occasion 
offered , and it may not be deemed impioper to conclude vvitli 
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a blioil account of the geneial udvaniages, the •science of usUo- 
tioniy lias icceivcd fiom the application of physical punciples 

Sir Isaac Newton 1ms shewn that all the bodies of the solai 
system mutually attract each othci Thai the giavlialion or 
the foice of attraction excited by, or towaid any body, is in pio- 
]ioition to flic mass ol tlie attracting body Thai this foicc, is 
gieatei oi less, accoi ding as the distance fiom tlio attracting 
body IS loss oi gi eater, and that in piopoition to the sqiuuc ol 
the distance 

336 Of the immediate cause of giavitation, ho conicssey 
luinsclf ignoiant He says,'^ that giavity must bo caused by an 
iigcnt acting constantly accoiding to ccitain laws Init wbethci 
this agent be mateiial or nxmiatcrml, ho did not attempt to de- 
cKle» tie leftected inncli on this subject, but it does not ap- 
jioai that be over came to any conclusion winch satisfied Inm 
selfr At tills day^we are not advanced one slop farllior townul 
the knowledge of the pioxnnate cause oFgiuvity, than Newton 
himself had advanced. 

The knowledge of the proximate cause, howevoi, is not uc- 
cesscuy to asccitaiu the existence and laws of the action of gui- 
viiy The lattei aie collected fiom a vauety of facts 

Fiom the laws of the action of giavity combined with laws 
of matter and motion, deduced fiom obseivaiions on leircstual 
matter, Newtou explained the motions observed in the holui 
system. 

The sun situate in the midst of the planets attracts tlicm all 
toward itself, while they also attiacl the sun, but fiom the 
greater mass of the sun, the effect of the planets in moving tile 
sun IS veiy small, compaied with the attraction oi* tho sun on 
tho planets. 


aLelter lo Di BctiUev, piigo 438, val 1 llois’cy's liidiUoii of ion’s 
Woik? 
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Had no otlioi impulse been given to each of the planets^ 
they and the sim would have come togethei in consequence of 
thou mutual attiaction» But a piopei impulse was given to 
each planet 111 a direction cither peipendiciilai, or iieaily pei- 
pciuhcular to a line joimiig the sun and planet In consequence 
of tins impulse, and of the atti action of the sun, each planet 
continues to revolve round the sun in an elliptical orbit not dif- 
fering much ft om a cncle, that IS, not very eccentiic These 
impulses must have been given at the cieation These impulses 
leqimcd, to use the words of Newton," the Divine Ann to im- 
pi ess them accoiding to the tangents to then 01 bits ” 

The simple laws of matter and motion, which the Almighty 
has been pleased to ordain, are sufficient to pieseivo the mo- 
tions of the system for a length of tune, to winch our boiuided 
intolligencc cannot put a limit 

337 , The piepaiatoiy stops of Newton consist, pi incipally, 
in showing, that a body pi ejected, and atti acted to a fixed cen- 
tre, describes equal aieas in equal times, about that centre, and 
in investigating the laws of the vauation of the foice by which 
a body attracted towaid a given point, may bo made to move in 
a given curve 

tie particnlaily shews by an interesting application ot ma- 
thematical pi mciplos, that a body moving in an ellipse and de- 
scribing equal aicas in equal times, about one of the foci, must 
bo atti acted towaid that focus, by a force vaiying inveisely os 
the squai'c of its distance from the focus* that the squaies oP 
the peuodic times of bodies, moving in difTcrcnt ellipses about 
a common ceniio of force in the common focus, aie as the cubes- 
of the gi eater axes. 

Ho also, couversely, proves that a body atti acted to a fixed 


' Thiul LetlGi to Di H entity 
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cpiitie^ by a force vniyingm^eiselv as the sqiinio of tlie distance^ 
and piojected in a diiection, not passing IhioiigU the ecnlic^ 
with a velocity, not exceeding a ceitain limit, will dosciibo an 
ellipse about the fixed contic. The increase, oi decioaso of ve- 
locity, gcneiated by Ihc ntti active foice, is so exactly condiined 
with the velocity ofpiojection, that the efficacy of the atti active 
foiee in diawing it from the tangent of the cmve, in which tan- - 
gent it would conliniio, weic the attractive foice to cease, i& such 
us always to loUun it in the circumfeience of the ellipse. 

After consideung a variety of cases about a fixed centre, ho 
consideis two oi more bodies, mutually atti acting each other, 

He also demonstiatcs that if a globe consist of pai tides each 
of whicli atti acts with a foice vai 7 ing inveiscly as the squaio of 
the distance, that the united foiccs of all the pailicles, compose 
a foice tending to the contic of the globe, and vaiying inversely 
as the square of the distance fiom the contic of the globe. 

338 The application of his investigations to the system of 
the world, may be biiefly stated as follows. 

The effioit by which all bodies within oiii leach, tend towaid 
the sin face of the ouiih, wo call gravity* If left to themselves, 
bodies fall towaid it in a light line, but if projected, they tend 
toward it in a curvilinear couisc 

By giavity also a pendulum, when removed from a vertical 
position, tends to it again, and so vibiates, 

Experiments on the motions of falling bodies and the vibra- 
tions of pendulums, aftei piopei allowances made for the resist- 
ance of the an, shew that this force ofgiavity, measincd by the 
velocity produced in a given time, is nearly the same m the same 
place, at any distance from the sinface to which our expeiimenls 
can reach 

But along with the knowledge of thib fact, wc also aiilvo at 
another, of gi eat importance, viz. that however dissimilai bodies 
aic m then visible piopeities, yet they mo all equally affected 
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by gvavityj that each particle of a body is acted upon by the 
same foice^ that the component parts of air and goUb aie eqiially 
impelled towaul the oaith. This knowledge is deuved fiom 
obsexving tliat all bodies, at the same placo^ doscribo, in falling 
towaul the eaitli, equal spaces in equal times, abstiacting from 
the resistance of the an 

To Ihcso laws of giavity, we are enabled also by expeiiment 
to add a thnd; that thejgiavitation towaid the earth is the united 
eflect of gravitation toward its separate parts, or that each pai ti- 
de of matter attiacts , fiom whence it follows, that the alti ac- 
tion of giavitaiion between tenestual inattoi is mutual Sevc- 
lal strong aiginnonts induced Newton to adopt this, as an Hy- 
pothesis, but it seems not to have been fully voiifled, till long 
after his death. No facts, proving It, weio known to him 

Although wc ftio ignoiant of the cause of giavitation, yet we 
can inquiie whctliei it be a pnnciple which has no other con- 
nexion with the eaith, than that of impelling bodies toward Us 
centie, or whether it bo a punciplo atlachcd to oadi paiticle of 
inattci, and so whether the foice by which bodies me impelled 
to wauls the centio oF the eaith, avisos fiom the joint atti act ions 
of the pailiclcs of which the earili is composed Nowtoii, as 


“ ir tlio Caitli had been ongnmlly a fluid ot unlfoim tlensUy, It would Imvc fol- 
lowed flom tliG mutual aiti action of Its purta, aud from its lotalion on its axis, that 
the increase of the length of a poiuUilum vibiatmg seconds would have hecn nearly 
ns the square of the smo of lalUudc Also if tijc Earth had been originally a fluid 
of unequal density, the denser parts would have so arrangetl thcmBclvcs towards 
the centre, that the law of incieasc of tho length of the pendulum would still be as 
the squat c of the sine of latitude Now wolcuow that the mtcnoi of the Kimhis 
dcnsoi than the amfuco, and a gieat number of expc\ imenta have shown, that in 
both bcmisphercs the increase of the length of (lie pemlulmn Is as the square of tbe 
sine of latitude Paom hence it hns been inferred tlmt the Eartii was originally in 
a fluid state. 

The above is one of the results of analysis and oxpeiiment that, according to 
Laplace, ought to be ranked among the few ceUalnlles that Geology fiirmshcs, 
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was saicl^ adopted the hypothesis of tins latter mode of the ac- 
tion of giavity; blit it was not ncccssaiy for his thcoiy, that gia- 
vity should aiise fiom the giavitaiion towaid tlic paiticlcs of 
each body 

339 The clFcct of the attractions of the inoiniiains in Peru, 
on the plumb line, obseived when the measiucmcnt of an aic of 
the nieiidinn was canying on, was the fiist diiect pi oof Some 
tn cum stances, howevei, made the icsult of the expeumonts du- 
bious, But it was fully verified by the expoiiments of Dr Mas- 
kelyne on the attiaction of Mount Schehalhen in Scotland 
(Phil Tians 1775 ) It has since been confiimed by Mr Ca- 
\endish ’9 expeiimcnts on tbe effects of the attraction of balls of 
lead, (Phil Trans 1798)^ 

The expoiiment of Di Maskelyne was made by observing 
the effect of the attiaction of the mountain in chawing the plumb 
Imo of a zenith sector from a vertical position towaid itself 
The observations being made with the utmost caio and accu- 
racy, as might be expected from the long oxpeiiencc of Di. 
Maskelyne, the lesult was, tliat the diffeioncc of latitude ftoin 
nieasiuemcnt was less by 1 than by obsoivation of the difle- 
lence of the zenith distances of the same stai, Thus the attiac- 
tion of the mountain, occasioned the plumb Imc to deviate about 

fiom a veiticul situation, 

340 Befoie the time of Newton, it appeals that seveial 


» Lapluce lins shewn tlmt the effect of iho nlliaction of thg excess ofmattcr ut 
the eqojilor, causes two equatiom In the moon’s niollon, one in latiliulo and the 
other in longitude. The awa^tUios ot these equations, having both been wqll nacei- 
tahied by atv examination of a very great mimbei ofobservaliong, have seivcd to de- 
duce the excess of the equatoieal above the polai diameter Each equation gives 
the same excess very nearly, viz gjj, Laplace also has shewn that the excess of 
matter at the equator of Jupiter occasions ccrlam equations in the motions ol the 
SatcllUes 
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omment men had notions lespeciing a mutual attraction in the 
system Keplei in his work Dc Stella Maite,” speaks of the 
mutual gravitation of the eai th and moon* He says that if they 
weie not letained at then piopei distances, the eaitli and moon 
would come together, the moon coming over 53 parts of the dis- 
tance, and the eaith ovei one pait He also seems awaie, that 
not only the tides are caused by the atti action of the moon, bid 
also that the iiiegulaiitios of the moon aic caused by the united 
actions of the sun and caith» Bui it docs not appeal that eithoi 
he, or any oihei person befoio Newton, had an idea that the 
foico of gravity lowaul the earth, combined with the piojectile 
velocity, ictaincd the moon in her orbit, or any notion of the va- 
rialioh of gravity, at diffeient distances fiom the eaith,'' 

Kepler, although an excellent mathematicianj seems not to 
have been able to apply that scienoo to lus ideas of gravitation, 
and Galileo had the nieiit offiist applying the punciples of 
mathematics to investigate the effects of giavity at the earth’s 
surface* lie fust shewed that a piojectile acted upon by the 
unifoiiii force of gravity, m paiallel lines, descubes a parabola* 
We find no mathematician between him and Newton pushing 
the inqiuiy faithor and investigating the curve m case of a pro- 
jectile taking such a laiige, that gravity could no longer be con- 
sideicd to act in paiallel lines About the time howevei that 
Newlou applied himself to these inquiues, we see several ina- 
ihcmaticmns consideung the laws of action by which bodies 
may revolve with uniform velocities in different circles about 
iho same cenlie 

Wo are told that an accidental encumstance fiist led Newlou 


^ It may Uc tonsjulercd ab i cuuohs dicuinstance that Galileo computes how long; 
a body would take lo full from the moon lo iheoarth lie supposes the foKC of gru 
vily lo coulmuc the same tluoughonl the whole distance 
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to conaidei the eftectb of the gravity of the caith^ at a distance 
fiom the sill face, and to mqiuie whclhci that giavity did not 
extend to, and letain the moon in liei orbit the moon by the 
continual action of this foicc being drawn fioin a leciilineal 
course, and made to revolve about thoeaitli in a neaily ciicuhn 
01 bit 

To ox amine this point, ho was enabled, from knowing the 
moon’s distance from the eaith and its pet iodic time, to com- 
pute how much it deviated, or was drawn fiom its rectilineal 
com so in one minute, which he found to be neaily 16 feet, He 
thus found that a foice tending to the earth existed at the dis- 
tance of sixty semiclmineteis, which impelled the moon toward 
the eaitli, 16 feet in one minute The next inquiiy was whe- 
ther this force were constant oi vanahle at diffcient distances 
fiom the earth, or rather what was the law of its vauatiom Ho 
saw that if it inci eased as the squaio of the distance deci eased, 
at the earth’s sin face, it would impel a body 3600 X 16 feet in 
one minute, or 10 feet in one second. This is the space a body 
falls by gravity in one second Hence he concluded that the 
force ofgiavity, diminished m the duplicate pioportion of the 
scmidmmetei of the eaith, to the moon’s distance, was the foico 
acting at the moon and letaming it in its oibit, 

341. We deduce somewhat moio easily the law of gravita- 
tion towaids each of the planets, winch have satellites. It is 
found that tlic satellites of Jiipitei move lound Jupiter in 
oibits neaily ciiculai, and that the sqiiaios of tlio peiiodic times 
aie as the cubes of theii distances fiom the pnmaiy. Whence 
it may be easily shewn, that they aie constantly impelled toward 
or attracted by Jupiter, by a foicc inci easing as the square of 
the distance from Jupiter decreases, The same may be said of 
Satin n and the Georguim Sidiis IIcio then are the Earlh, 
Jupitei, Satin n, andtheGeoiguim Sidus, each attended with an 
attractive influence, acting by the same laws, and Uioreforc, by 
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analogy^ we may justly conclude, that the icnmining planets at- 
tract by the same laws, 

342 Newton’s investigations of the motions of bodies about 
the same centic of foicc, combined with Kepler’s discoveiles, 
prove that each of the planets is atti acted towaid the sun, by 
a foiee vaiying inversely as the squaie of the distance fioin the 
sun, 

For Kepler showed that each planet moved in an ellipse, 
and dcsciibcd equal aicas in equal times about the sun in the 
focus, and that Iheiv pci iodic times were as the cubes of the 
gi cater axes of then oibits. Newton domonsti ates, that when 
this takes place the law of atli action is as above stated, 

343, Thus then by the moon wo a&ceitain that the eaith 
exerts an attractive influence; by the satellites of Jupitoi, Sa- 
turn, and the Geovguim Sidus, that these planets exeit a simi- 
lar influence , and by the forms of the planetary orbits and laws 
of motion m those orbits, that the sun also possesses an a tti active 
force We find the law of action is the same in all the atti act- 
ing hodies. But if we examine faithcr wo find the forces exei t- 
ed very difleient at the same distance from each body. If we 
compute the foice exerted by the earth, at the distance of the 
sun, by diminishing the foice of Gravity at the enitVs suiface 
in the duplicate proportion of the semKhnmetei of the eaitli to 
the sun’s distance, wo shall find it small indeed, compaiod with 
the force the sun exerts on the eartli,'' 


« Tlio masses and densities of those planets, which lm\c satellites, have hcen as- 
certained by Iheir allraclivc actions on Iho SatoUlles The density of water heniff 
called unity, then neatly, 

the density of the San ^ 

of iho Karih «s= 5,0 

of Jupiter ^ 1,0 

of Satin n rr 0,(1 

ofOeoig Sidus 1,5 
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344 As the planets aio atti acted lovvaid tlio stin and altrncl 
their satellites, we may conclude that they atliact one anollici 
and the sun Also, as wo find the atti action of the eaith made up 
of the attractions of its parts, so we may conclude the atti actions 
of the sun and planets composed of the ntti actions of then pails, 
and that the law in the system is, that every body attracts with 
a foice at a gnen distance in pioportion to its mass, and that the 
foice climniisheh as the squaie of the distance of the attracted 
body IS mci eased 

345 As soon as Newton bad published bis discoveucb, 
there could be no lational doubt of this being the law wliicli 
exists throughout tlic solai system, and evciy step, that has 
^ince been made in Phjsical Astionoiny, lias fuinislied addi- 
tional pioofs 

It IS piobahle that Newton derived no assistance in the dis- 
co vciy of the law qfgiavity* yet he does not seem unwilling 
that others should have a shaie in the merit. He iugennously 
tells us that Wien, Hook, and Halley had scpaiately discovcied 
fiom Kepler^s law of the periodic times, the law of atti action to- 
waids the sun, if the planets moved in circulai orbits. But the 
great fame of Newton rests not upon this foundation, that lie 
merely discovered the law of giavity* He proceeded by syn- 
thesis to examine tlie phaBnomena that would offer themselves 
in a system so legulated His transcendent mathematical pow- 
ers enabled him to point out the oiigm of all the more splendid 
discoveiies offoimei ages He shewed that the planctaiy or- 
bits must be elliptical, that the lunar megularities, the pieces- 
si6n of the equinoxes, and the phesnomena of the tides must 
take place from the piinciple and law of universal attraction. 


the density of Venna Is supposed to be somewhat groatci than the density of Uir 
caith fiom the effects of that planet in dimmishme the obliquity of the ecliptic, and 
by changing the plane of the earth's orbit 
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tlieieby evincing, iii tlie ^liongcst niaiiiici^ that he Imd aviived 
at the knowledge of those laws, which tho Ciealoi had willed 
foi upholding the system of the woilcl 

3i6. Newton hud extended tho boundmies of malhcmalical 
knowledge, nmch as he had those ofphysicnh He piefeiied 
exhibiting his investigations and conclusions in a geometnc, la- 
ther than in an analytic form, as belter suited to the geneial 
outlines of physical astionomy, and also nsbetlci adoptecUo call 
tlic attention of the woilcl to his gioat diseovcHe& To extend 
the limits of physical astronomy, and to explain discovcnes that 
have been made by compaiuig modem and ancient obsciva- 
tions, it has been found neccssaiy to adopt entirely tho analytic 
niothocb 

A consiclornhle time elapsed from the publication of New- 
ton’s Piincipm in 1687, before any attempt was made to cxiend 
the investigations of Newton In 1740 Maclaiuin, Eulei, and 
Bcrnoiulli shared a prize given by the Royal Academy of Sci- 
ences at Pans, for their dissertations on the tides, in which 
tlioy made considerable advances in the path pointed out by 
Newton 

Soon aftoi, Eulei, H’Alcmbcit, and CUiuaui, engaged in 
the famous pioblcm of the tluee bodies, as it has been called 
That IS, to investigate the motions of thiee bodes, acting upon 
each other accoiding to tho laws of gravity Tho problem in 
its general extent is far bcyoncl the powers of analytics in tlieii 
present state : but in the case of the sun, enrlb, and moon, we 
can approximate to tho solution with sudicient exactness. Foi, 
tho sun distill bs tho motions of tho moon, as seen fi om the earth 
only by tho clKTcicnce ol its atti actions on tho moon und eartb, 
which diffeioncc is always veiy small, compaied with the force 
by which the moon is alti acted to wauls tho eaith 

Tho importance of an exact knowledge of the lunar motions 
in finding the longitude at sea, seems pi incipally to liave incited 
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llio exeitions of these inatheniaticmns Adifliculty soon occurred 
which made them at fiist doubt of the exactness of the New- 
tonian law of giavity They could not reconcile the mean mo- 
tion of the lunar apogee^ as detei mined by calculatioUi with iliat 
deduced fiom obseivation^ Tlicy saw the luller was double 
of the former At last Clanaut, by extending his nppioxiina- 
tions’* oyeicnme this difficulty, and added a now pioof of tlio 
law of giavity 

347 Theie were two plienomoiia, however, to which Flam- 
stead and Halley fiist called the attention of astionomers, 
which foi many yeais baffled all attempts to account foi them, 
fiom the leceived laws of giavity These were the acceleration 
of the moon’s motion, (ait, 230,) and the acceleiation of Jupi- 
tei’s, and letaidation of Satin n’s motions (ait 213,) 

Dr, Halley’s computations on the ancient obscivations had 
been verified by other astronomeis, and no doubt lemained of 
the facts The acceleiation of the moon’s motion had also 
been veufied by computations made on tluee eclipses observed 
by Ibn Junis near Cano, towauls the end of the 10th Century, ' 


^ Newton himself seems to have long been sensible of this dlfllcuUy, and to 
have exerted himself in the compiUation without success In the first edition of the 
Prlncipla he mentions computations by which ho had nscortaluad the agreement 
neailj of Ins Theory with Flamstead's Tables, accommodated to the Hypothesis of 
Horrox But he says, Computationes autein ut nlmls peiploxas ofc nppioxlmii- 
tionibus impeditas, neque satis accurntas, apponeie non Uibet ” In tiio subsequent 
editions of the Princlpm, he does not attempt to reconcile the observed motion of 
the apogee with Ids Theory It would be very interesting to know the particulars 
of his computation 

^ Not considering the eccentricity and Incllnadon of the lunar orbit, iho mean 
motion of the lunat apogee, that of the moon being unity, is expressed by a scries 

ot terms of the form fire, were m 

^ 32 periodic tune of the sun 

^ nearly Clairaut’s first appproximation extended only to the term 

Vide Trans Uoyal Irish Academy, vol, U, 
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348. Eiilei, who, m a mathematician, mnks so high, di- 
rected his attention to the motions of Jupilci and Saturn So 
catly us the yeui 1748 he published an investigation of them, 
but failed to explain the didiculty Othei mathematicians 
engaged lu the inqiiiiy Fora long time the object of then 
pin suit eliidod them, but then cxerlions tended much towauls 
poifcctnig physical astionomy 

Euler investigated many of the disturbances which take 
place by the mutual action of the sun and planets. ITo fiist 
shewed that the dimnnifion of tlie inclination of the cchptic to 
the cquatoi, ivhich ancient obseivations appealed to show, was 
occasioned by the action of the planets by which the plane of 
the eaith’s orbit is gradually changed. 

Lagrange, who has become so distingiiislied by his many 
splendid impiovoments in mathematics and mathematical phi- 
losophy, about 1765 published^ his investigations lespectmg 
the motions of Jupiter and Satin n 

The celebrated Laplncc in 1773 shewed that the moan mo- 
tions and mean distances of the planets weic not subject to any 
variation arising fiom their mutual actions on ench othei, or at 
least wore so ncaily coiistnni that nothing could appeal to the 
contiaiy fiom the most ancient ohsorvaiious Hence the ex- 
planation of the accclciniioii of Jupilci and letardation of 
Saturn, that Lagrange and othois had given, could not bo the 
true one. 

Soon after Lagrange himself proved strictly, wliat Laplace 
had piovcd only by appioxanaUon, that neither the mean 
motions, uoi mean distances of Ihe planets woic subject to any 
perceptible alteration fiom their mutual atii action. 

It was not till 1780 that Laplace discovered the ti uc expla- 
nation of the didiculties as to Jupiter and Saturn, aftei it had 
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been sought for in vain^ above thirty years, by the continued 
exertions of the fiist mathematicians 

His investigations funiished anothei confiimation of tho 
mutual attraction of the system. He shewed that the quantity 
of acceleration m the motion of Jupitei and retardation m that 
of Saturn deduced fiom computation, agieed with ob>sei vation ^ 
349 The difficulty of the accelciation of the moon^s motion 
yet remained, mid it had fully as much occupied the attention 
of those who endeavoiued to improve Physical astionomy, as 
that just mentioned 

The Royal Academy of Sciences at Pans had pioposed it 
seveial times as the subject of their prize It had eluded the 


® It IS not ensy to make Ins disco very mielligiblc to those not conveisaiU in 
tiic computations of physical ttstionomy The eqmUom arising from the mutual 
attraction of the bodies ot the system, arc divided iiUo secular and iodical In 
fact it is now known, that all equations aic periodical, but the term, * acciiUn^ 
distinguishes those that do not depend on the position of the hodks as to cadi othci 
As these equations appertain to a long period, they aic called secular. Periodical 
equations arc tliosc that depend on the position of the bodies to each otlier 

Thus the variation of tin* moon (ort 231 ) depends on the angular distance of 
the moon from tlie sun, being proportional to the sine of twice the angulni dlslanto 
of the moon from the sun, and is called a periodical eqiiation The acceleration of 
the moon^s motion not depending on the positions of the sun, moon, and cai tii, is 
called a secului equation 

Lagrange had at first conceived, that the acceleration of Jupiter was fiom a 
secular equation , but Laplace, and then he hnnsolf, shewed that no sudi equation 
could exist in the planetaiy motions Thcrofure Laplace was led to look foi n 
periodical equation, and he obseiveil that as twice the mean motion of Jupitci was 
very nearly equal to five times that of Satin n, nn equation of n veiy long period 
would result from Ihenoe, which might bo sensible To investigate this, U was 
necessary to extend the approximations to a gi eater length than bad hithcito boon 
done. It might, and, it is likely it did occur to others before tins time, that this 
was a probable source of the phenomena, but till the existence of a secular equation 
had been disproved, the formidable calculations might have deterred, Equations 
depending on the difference between five times the motion of any planet and t\\ Ice 
that of anoihei, actually exist, but are insensible m the other plnnetSi 
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le^caiclies of Lagrango, yet his investigations on the sul)|cct 
gained the puze in 1772 Bossiit had endeavoiiiect to explain 
it by the re&i'itaiice ol mi ether, or subtile fluid pervading the 
whole system Laplace endeavoured to explain it by supposing 
that the tiansmission of giavity, like that of light, was not i\\- 
stantaneoiis, and on this hypothesis he made some impoitant 
investigations At length in 1787 Laplace himself discovcicd 
the tiiie cause j that it was a simple lesult of the laws of gia- 
vity The aotions of the planets, besides changing the plane of 
tlie earth’s oibit, change also its eccontncity The cccentiicity 
now is diminishing, and will continue, foi many ages to come, 
to do so It will afterwards inciease, and thus bo subject to 
periodical changes These changes will aflTecb through tho 
action of the smi, the angular velocity of tho moon about tlio 
oarth^ and hence at the piesent time an acceleiation takes 
place, Nothing can bo inoie satisfactoiy than tho icsuUs of 
Laplace on this subject. He has shewon that the mean mo- 
tions of tho apogee and of the node are afiectecl by the same 
cause, and it appears iliat the quantities assigned by compu- 
tation agree with the losults arising fiom a compaiison of an- 
cient and modern observations. 

The true cause of the acceleration or scculai equation of 
the moon’s mean motion being discovered, Laplace’s loimer 
investigations, on tho hypothesis that the tiansmission of gravity 
was not instantaneous, have served to prove that tho transmis- 
sion of gravity, if not instantaneous, is immeasurably quicker 
tlian that of light. 

350 The results of all tho improvcmontb m physical astio- 
nomy, since Newton fiist called the attention of mankind to it, 
have been given to the woild by Laplace in Ins gieat work, 
entitled Mecanique Celeste.” Tins and the Principia of 
Newton will piobably be considered by late postal ity as tho 
two noblest monuments of human science. Tho Piincipia of 

r2 



244 


ELEMENTS OP ASTRONOiVrY 


[OITAP XIX, 


Newton was the woik of one mind, winch could derive no 
assistance fiom those who had gone-befoio The energies of 
the most distinguished abilities had been lor many yeais em- 
ployed in collecting niateimls foi the fabric that Laplace has 
elected Newton and Lagrange have assisted in an eminent 
degiee. Mackuiin, Eiilei^ T Simpson^ Claiiaub D’Aleinboii, 
and othois^ gieatly contubuted Laplace himself^ besides the 
meiit of planning, and of selecting, and ai ranging the inatoiials, 
has the honoi of having executed many of the most ditTicnlt 
and highly finished paits of this great woik. 

351, No motion is now known to exist in the system, but 
what we can shew to be confoimable to the laws of nnivoisal 
gravitation The mean motions and moan distances of all the 
planets are to be considcied invariable, and the effects of llieii 
mutual actions aie all peuodical We can now ascertain foi 
thousands of yeais the state of the system, should such a conti- 
nuance be pel milted by the Divine Author. 

The obliquity of the ecliptic, which now is diminishing by 
a small quantity eveiy year, will nevei bo diminished by inoio 
than a degree oi two. This is a very inteicsting result Had 
the obliquity continued to deciease, the eqiiatoi at last would 
have coincided with the ecliptic, and a gicat pari of the earih 
vvould have been rendered incapable of producing the necessary 
food foi the existence of men and other animals. 


« It must not lion ever be supposed that the nnulyticnl science, as applied to 
physical osironom), is perfect, or even in a state appioatliing to perfection Not- 
^vlth8lQn^lng the great progiess that has been made duung the last centiny, much 
remains to he done Because the oibits of the planets arc inclined at smfiU 
angles to the ecliptic and to each other, and because the cccentiicitles of the oiblts 
are srmlh enabled with tolerable facility to compute by approximation tho 

dlstuibiug effbets of the planets on each other But it will he a work of great laboi 
and dUhculty to compute the disturbances of the new planet PaUas, because its 
orbit IS 80 much inclined to tho orbits of the oihen planets 


CHAP XI\ ] 


ON Tllh OAT.LNDAll 


245 


352 In all our inq^miies into the opeintions of nature, by 
which should always bo iindei stood, the modes of existence and 
laws assigned to the objects of the creation by tlic Divine 
Cieatoij we meet with soiucos of delight and admit ation, hut 
in none more, than when in contemplating the objects of 
ablionomy 

Tile magnitudes and the distances of the bodies of the 
solai system when measuicd by our ideas so vast, the immense 
number of the fixed slais placed at immeasiiiablc distances 
fiom us, andfioin each oihci, show us Iho inagiuficcnco of the 
croatioiu 

By iho discoveries of Newton vve are penniUecl, as it wcie, 
to iiiidorstand some of iho Counsels of the Almighty. Fiom* 
those wo can, by demonstration, ovei turn iho absurd doctrine 
of blind chance. We sec that a Supieme Iniolligonce placed 
and pul in motion the planets about iho sun in the centre, and 
oidaincd the laws of giavitalion, having provided against llie 
smallest impel fcciion that might aiiso from time And lei us 
not imagine that only in these vast bodies the Supremo caio 
was employed, Let us not imagine that man, apparently so^ 
insignificant, cannot bo an object of attention in n woild so 
vast The pioieclmg hand of the Cienlor is equally visible in 
the smallest insects and vegetaldes, as m the stupendous fabrics 
which astronomy points out to us lie, who foinied iho luimnii 
mind so different lo its poweis and mode of existence from tho 
rest of the woiUs of the creation, has assigned laws peculiarly 
suited to lU preservation and improvement laws not mecha- 
nical, but moi aT laws only obscurely seen by the light of 
leaSou, but fully illumined by that of revelation 
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Tni5 following Problems me intended to illustuite aiweinl of 
tlio articles in tho foiegoing tiontlac, niid also to explain the piac- 
tical mode of solving some of the inoio useful pioblems in 
nstionomy 

To imdeistancl several of those piohlems, a toleiably extonsivo 
knowledge of piano and spherical tiigononioliy is reqimed, moio 
paitioiilaily, a knowledge of the elegant and vciy useful lules foi 
tho cucular paits of a light angled spheiicnl tnangle, and the 
analogies foi oblique nngled spheiical Uiangles, discovorod by 
Napiei the invontoi of Logaiithins A knowledge of llio solutions 
of tho cases of oblique angled sphcucal liiungles, not luoludodm 
Napiei’s Analogies^ and also of many of the trigonomelucal ex- 
piessioiis foi two aics is lequiied Theso expiessions depend on 
tlio fundamental foi inula 

Sm (A + B) sui A cos B + cos A sin B 

wheio A and B repiosent any arcs positive or negative 

The Astioiiomical pioblems given, are of two kinds 

1, Pioblems in llio solutions of which gieat ciieles of the 
spheic, only, aic used, 

2. Pioblems m which small ciioles are used, and sniall vaiia- 
tioiis of the pails of spheiical tiiangles 

Vox the luttci, the fluxional oi difleiential calculus, would have, 
in bomc lew cases, fiuinshed solutions somewhat moie concise, but 
not malexially so, m any of tho examples given. Often times the 
difleionlial calculus, applied to tugouomoliicul foimulie, leads to a 
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veiy complicated pjocess, which might be avoided by the conbi- 
deiation of diffeiential tiiaiigles 

TJimeceasaiy lepetitioii will be avoided by mentioning heie, 
that in the follo^\mg Piobleina, ladnis is unity, and thei efoio is not 
put down that when the iiiles of ciiciilai paits aie rofeiied to, it 
is not meant that the equation is put down exactly as given by the 
lules, but such as may easily be deduced fioin thence Thus be- 
cause tang cot = 1, the lecipiocal of the tangent is sometimes put 
foi the eo-taiigeut, &c 

Plop I To p)ove that the time Jrom a star's to its 

coming to the meridian ts equal to the tmejtom coming to the 
meridian to setting 

Let PH (fig, 48) lepiesent the meiidum, ES the lioiizou, and 
RoS the stai’s path, using at R and setting at S, 

Since RPis equal to PS, and PII common to the two tuanglcs 
RPH, HPS, by the iiiles foi cuculai paits we shall have obvi- 
ously the angles RPII, HPS, equal to each other, and theiefoie 
the angles RPo, oPS aie equal, and hence the time of des cubing 
Ro equal to the time of descubing oS, since the motions aie 
equable 

Foi the smi or moon the angles RPo, oPS aie not equal, be- 
cause the polai distances RP, PS aie not equal For the sun the 
forenoon exceeds the afternoon from midsumjnei to midwiutoi i 
and from midwmtei to midsummei the afternoon exceeds the foie- 
noon, 

Plop IT Given the sui^s longitudey to find its right a8cen~ 
Sion and decimation 

In fig. 49 FS lepiesents the ecliptic, ED the eqiiatoi, and SD 
a Glide of decimation 

By the lules foi circulai paits 
tan ED = cos E tanES 
and sm SD = sin ES sm E 
01 tan R Ascons == cos Ob, Eel tauLoug 
sm Decl =: sm long sm Ob Eel, 


AVPLMMN 


240 


When tlio tang of longitude \h aegatue, the tang of II Ascens 
will 1)0 so likewise, and the H Ascens and long will be always in 
the same qiiadiant, as is otlieiwise evident 

The sine of declinalion has the same sign as the sine of long, 
and thoicfoio between and 360^* of longitude will be south, as 
IS othci wise obvious These lemaiks arc only made here to call 
the attention to the signs of the quantities* 

The sun*s longitude at any time is found by the solai tables, 
and IS also given in the Nautical Almanac for evciy day at appaient 
noon at Gieenwich, hence may he found foi any given tune, at any 
place, the longitude of winch is known Theiefoio the obliquity 
of the ecliptic being known, the light ascension and declination will 
be had as above* 

The mean obliquity of the ecliptic foi 1800 was 23^ 27^ 57^^ and 
it diminishes 0", 46 every ycai Foi the mode of finding tlio tiue 
obliquity fioni the mean, see Pi op 18 

Pi op IIL 1 To find the ihne of annnse in agieen latitude 
on a gimn day 2 When due East 3 The time oj its hemff 
at a gvoen altitude* 

In fig 50 the cuclcs of the splieie are supposed to be seen 
fiom a point in the continuation of a lachus, at light angles to the 
plane of the meiidian, and Ihciefoie the hori/on, equator, and 
pume veilical appeal right lines, as IIO, EQ and ZN J)d is the 
sun’s paiallel of declination 11 the place of the sun when rising, 
V the place when on the piime veitieal or duo oast, and FB the 
given altitude 

On a given day, the sun’s decimation may bo found as m the 
preceding pioblom, or may bo deduced from the Nautical Almanac, 
wliGie it is given for every clay at noon at Giccnwicb 

1, llPOcr: hour angle fiom midnight, 11 being Iho place of the 
sun at using 

Fiom the light angled tiiangle IlPO, hy cuculai pints, cos 
nVOzz cot UP* tan PO. 

or cos hour angle fiom midnights: tan decl tuiilat 
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When the cleclinaiion is south, its tangent i$ negative, and 
theiefoie the cos hoin angle is negative, and the angle is gieatei 
til an 90'" The hoiu angle being i educed to hours, &c by dividing 
by 15 gives the time of using 

2 To find ZPV Fiom the light angled tiianglo ZVP, by 

oiiculai paits ^ 

Cos ZPV n cot PV tanZP, oi 

Cos lioiii angle fiom noon n lanclecl cotlal 

3 In the oblique angled triangle, BZP, aie known the three 
sides to find the angle BPZ Lei P = BP + ZP + BZ By sphei . 
tug ^ smBP sm ZP , sin *^P, sm (^P — BZ)] * . lacP ; cos »^ZPB 
Hence ZPB is found, and theiefoie the time from noon» 

When ^ZPB is small it cannot conveniently bo found with 
acciuacy, fiom its cosine, because the cosines of small arcs vary 
veiy slowly. The following analogy will then seivo* siiiBP, sin 
ZP sm(iP— BP) sm(P~ZP) . lad^ . sm ® ^ZPB 

The fiist analogy is to be used when ZPB is gieatei than 90 
and the second when less 

If gieat acemaoy be desned, the effect of lefiaction should bo 
coiisideied by collecting the altitude Also the sun*s dcchnaiiou 
should bo exactly computed 

The effect of lefiaction on the using of the sun will bo after- 
wards investigated 

This problem contains the computations mentioned in ai tides 
53 and 292 

Plop IV Given the right ascension and dechnation of an 
object, to find %ts latitude and longitude. Ait (15). 

In fig 61, let P and be tlie poles of the ecliptic and cqualoi, 
and S the object 

If the Bight Ascension be > 0‘»< 90®, PNS=:9D® -f H, A 

>270 <360 , PNS^B.A —270 

90 <270 , PNS=5270— B A 


See U\bf& Trig 2d edit, art, 135 p 81. 


APPI NDt\ 


251 


NS 00^ db decl,, PN = obhq of eel 
By spherical tiig 

cosPSsscosPN cosNS-f-smPN sin NS cosPNS 
Hence may be deduced" 

sin^iPS - sm (i(PN + NS) + M) sui (^(PN + NS) — M), 
When M IS an auxiliary aic, fiiuch that 


sm BinPN smNS cos^^PNS 


The application of the tables of logaiithms to find M and then 
PS, the distance fiom the pole of tlio ecliptic, is veiy simple, and 
no distinction of cases occiiis 

The angle SPN can now be found from the sides of the iiianglc 
SPN,asmPiop III 


R A >270«< ^>0“ 

R A.> 90 <270 


longs: 90“— SPN 
,long:rd50 — SPN 
,long=: 00 +SPN. 


The above solution is lathei longer than those usually given, 
but it has the gicat advantage of not being einbaiiassed by a 
chfTicuU distmction of cases PS having been found, SPN might 
have been found fiom the simple tlieoiem of the sines of the sides 
being as the sines of the opposite angles ; but then an ambiguity 
would have aiiseii Now this latter theoiem may be made use of 
for you lying the computation Thus 


log sm SN + log sm SNP := log smSP -p log smSPN, 
01 , as leadily follows, 


log cosdecl -j-l^g'COsR A rrlog ooslat + log cos long 


Plop V To Jind at aiiy time the height and longitude of the 
nonag esimal point 

The nonagesimal point oi degree is that point of the cclipUc 
90*^ fiom the hoiizon, and is thoiefoie the highest point of the 


> Sec IVlg att* 137, p 8 1, 2cl moUiod 
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ecliptic The continuation of the notice of this point by astiono 
jncis hns been on account of its use, m computing the paialla\ of 
the moon in latitude and longitude in eclipses 

Let IIO, (fig 52) lepiesent the houzon, UNO the ecliptic, 
P the pole of the ecliptic, and Z the zenith Diaw tluoiigh P, Z 
the gieat cncle PZN, and N is the nonagesimal point, foi the 
light angled tiiangles IIZN and NZO aic equal, and theiefoio 
HNnNO, Now ZN the co~altitudc of N, is the latitude of the 
zemtli point, and the longitude of Z is the same as the longitude 
ofN 

Hence if we find the latitude and longitude of the zenith point, 
we have the co-aUitude and longitude of the nonagesimal Now at 
a given time we know the light ascen of the zenith poinl, which is 
the light ascen of the meiidiaii oi the sideieaP time, and the de- 
clination of the zenith is the latitude of the place Ilcnce this 
pioblem IS contained m the last 

The mUoduction of the teim nonagesimal was iinncccssaiy, 
because the latitude and longitude of the zemth points will seive 
moie conveniently the pui poses of the height andlongitudo of the 
nonagesimal 

Piop VI To find the time of rising qf a given star on any 
day xn a given place 

The sun’s light ascens (S) is given m the Nautical Almanac, or 
maybe found as in Pi op II Let P jepiesent the iiglit ascension 
of the stai 

Then S — F will be the angle at the pole of the equatoi between 
the stai and sun 

Compute as in Prop 3, (fig 50), by help of the stai’s declina- 
tion and latitude of the place, HPH the angular distance of the 
stai fiom the meiidian at rising Then the angulai distance of the 


Tlic sulciQaJ time is fbundfrom the mean time, jcckoncd from tho preceding 
noon, by mcreflsing the moan time m the ratio of 360 365, and adding tho sim*s 
mean longitude at preceding noon* 
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sun fiom the moikhan when the star Is using z=: DPR + S — 
which i educed into tunc at the i ate of IS® foi one hour will givo 
the tune of using AVhen BPll -f S — F is negative, oi gientex 
than 180^^, the sim, at the rising of the stai, is to the west of the 
meiidian, olheiwise to the east, 

Poi gieat acciiiacy an allowance should he made foi lefi action, 
and also the sun’s light ascension should be computed for the time 
of using Thcicfoic when the time is found with the sun’s light 
ascension at noon, the sun’s right ascension should he computed 
for the time of using, found neaily, and then the opoiation le- 
peated 


Remarh 


DPR 

16 


1 educed to the solar time hy dimimshing it in 


piopoitionin the latio of 365 , 366 will give the inteival between 
the using of the star and its passage ovei the meiidian IIoiico if 
Us passage ovei the meiidian he known, its tune of using will ho 
known, The times of the passages of the planets over the men- 
chan of Gieenwich, and the decimations, ore given in the Nautical 
Almanac, theicforo the times of lismgor setting, may m this mannei' 
he found neaily 


Pi op VIL To find the time of the rising of the moon on a 
gimi day 

The light ascensions and dcclinntiona of the moon are given ui 
tho Nautical Almanac for noon and midnight at Giccmvich, and 
theiefoie may he found by piopoition foi any given place If we 
knew the light ascension and doclmation of the moon at rising, 
the problem would he solved exactly tho same ns tho last pioblom. 
Rut wo cannot exactly know the right ascension and decimation of 
the moon at its using without knowing the time of using, Tins is 
the inconvenient circumstanco in this problem Rut tho diHiculty 
is obviated hy using tho light ascension and declination at the noon 
01 the midnight at Gieenwich neaicsl tho time of rising, and then 
finding tho time of using, as for a star (Prop 6,) With this time 
hud, by the help of the difference of longitude, the coiresponding. 
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time at Gieenwioh, and thence the light ascension and dechnaliou 
of the moon With these find the time of using inoio accuiately 
In like niannei a thud 02>eiation might ho used, hut this ^vill 
scaicely he necessaiy 

The hoiizontal paiallax of the moon being always gi eater than 
the hoiizoiital xefi action, the using of the moon is lelardcd The 
computation of tlio quantity will he shewn in a subsequent pro- 
blem 


Plop VIIL To find when a star rises hehacally (ait 327 ) 

Astai of the fiist magnitude li&es hehacally, oi iiist hocomos 
visible aftei having been obscured by the solar lays, when tlio sun 
IS about 12® below the lionzon 

Let P (fig 53) be the star using; DA the light ascension of 
thestai, A being the fiist iioint of aries; AXL, the ecliptic; and 
the arc KL peip» to the horizon = 12® 

Then L IS the place of the sun, when the star uses hehacally 
From the light angled tiiangle OED by ciiciilar paits 

Sin CD :=:tanlat tan decL Hence, fiom the light ascension of 
the stai, AD, AC is known m the tuangle ACX, and also the adja- 
cent angles A and C are known 
By Napier^s Analogies^ 


cos|(C + A) • cosi(C— A) : * tani(AC) * tan^{AX + CX) 
sinJ(C 4- A) sm^(C — A) ♦ tani(AC) ; tan^(AX— CX) 

Hence AX is kuomi, and theiefoie the angle X is easily found 


smICL(12®) 

sinXLrr ^ ♦ 

sinX 

Whence AL tlie sun’s longitude is knoum, and theicfore the 
day when the heliacal using takes place* 

To investigate the heliacal using of a star 2000 years ago, we 
must decrease the present longitude of the star by 2000 X ^0'', 1 r: 
28® nearly. Then with the longitude and latitude of tlie star, and 


Trig art 187, p, 83 
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obliquity of the ecliptic, compute the light ascension and decima- 
tion/ and then as above find the sun’s longitude at the lieliacal 
using , it will be sufiiciently exact to find by common propoiUon 
the number of days fiom the equinox fiom the longitude of the sim 
thus found, taking 59', 8'^ for the motion m 24 hours ^ 

Prop IX, To find the deolination when the imlifflU %s 
shortest m a gimn latitude. 

Let Hr (fig 54 1) lepiesent a painllel ciicle 18® below the ho- 
luon no (art 52), XNTYL a great cnclo touching Hr in T and 
inteisecting the equatoi EQ so that tho angle YrrllCE (the co- 
latitude). Diaw any paiallel of the equatoi MNS When the sun 
isin this paiallel tho aich MN is dcsoiibed m the same time, ns 
the aich CY when the sun is m the equatoi, For let the aiches 
MW and NX be peipendicular to the equatoi, then the light angled 
tiiangles MWC nndNXY will be equal, and WC=:;XY, conse- 
quently WX=:CY Theiofoie since MN and WX aio desciibed 
in equal times, MN and CY will be desciibed in equal times, 
Hence the poition AT of a paiallel of the equatoi hetweeu tho 
hoiizon and its paiallel Hr is desciibed in loss time than the poi- 
tion of any other paiallel to the equatoi between the same ciicles, 
because the time of desciibmg ATs= ilio time of dos cubing CY =: 
the time of describing MN, less than the time of desciibmg MS 
Hence the twilight is shortest when the sun desciihes tlic paiallel 
AT, that is, when the sun’s declination is TI 

Now, because KTL touches Hr^ the vertical cncle ZET is at 
light angles to KTL, Hence in tho light angled tiiaiigles CEB and 
BTY, the veitical angles are equal and C=:Y, theiefoie these t 
tuangles aie equal, TB-BE and each =9®, Also HE nt light 
angles to EQ zz TI the declination Hence if we conceive ilio cir- 


Conveisc of prop 4 

^ The latitude of tho star and obliquity of the ccllptlo should also be i educed to 
wbat they were 2000 years ago, but this degicc of accuiacy would bo quite unne- 
cessai y, In regard to any use that could bo made of the result 
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cles of the spheie pi ejected peipendiciilnily on the plane of the 
meiiclian, and PG be diawii peipciidiciilar to IIO^ and to meet 'EQ 
in G*, FG will be tbe tangent of FB, and FD the sine of the 
decimation, andI)GF= the latitude. Theiefoie by plane tiigo- 
nomctiy 

lad-smCGF FG . FD, oi 
lad sinlat , : tan 0*^ sin declination, 

when the twilight is shortest 

This Prop may be lesolved in somewhat amoie geneinl foim, 
as follows ‘ — 

To find the declination of the $tm or 8ta7% when the lime 
of change fiom a given altiinde ktoa given altitude B i$ the 
sko) test pomble 

In fig 2, Land M aie the places of the object when the 
angle LPM is the least possible, the given zenith distances being LZ 
and ZM Considei ing tbe tunngles ZLP and ZMP, and the clifTeien- 
tial timngles that may be foimed at L and M, it leadily appeals that 
the angles ZLP and ZMP aie equal, and thence tliatMZP andLZP 
ai e the supplements of each othei, as thou sines aie equal, Tlieii sines 
aie equal because the sides LP and MP aie equal, and the side ZP 
common to the two ti tangles The same may also be leadily de- 
clxiced as follows, but not so simply as by the difleiential tiianglcs, 
Indeed tins is an example, among many others, of the oxtiome faci- 
lity of obtaining lesults by diffeiential triangles as compaied with 
the mannei of obtaining the same by tiigonometrical foimulce 
By tiigouometiy 

cos ZM = cos ZPM sinZP sin PM -f- cos ZP cos PM 
And since ZM and ZP aie constant, the diffeiential equation is 
0 = — sin ZPM , Bill ZP sin PM , d, ZPM + cos ZPM . sin ZP . 
cos PM, PM — cos ZP. sin PM d PM, 

therefore 

d , ZPM _ cos ZPM sin ZP cos PM ^ cos ZP sm PM 
c^.PM "" smZPM sinZP smPM 
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cosZMP, sinZM 
smZPM smZP feinPM 

__ rosZMP smZP siiiZM 
^ ~ fill! ZMP . sin ZP sin ZM fiiiiPM 

tan ZMP sin PM 

Also for the same leason 

d ZPL _ I 

tanZLP smPL 

Now LPM is a mtfzimumy and Iheiefoie 

a LVM-d ZPM^-^?.ZPL=:(), 


^ This immediately appeals Xiom the dHTercnUal tilangles, but ovon the couii- 
delation of this expression Is unnecessary, ns tlio equality of tbc dllVt rcntlnl trian- 
gles nt L and M Is at onco seen 

Note by the E<Hto} — >Thc prop, m its general stale may bo solved vci y simply 
as follows Lot the object cross on the parallel iw, ilg 5i 3 then the angle 
U to bo amln Make «P^ on the sphere’s am face equal to anti 

P^sssPZi, and duw the me ofagieat elide Zi, nndjom ??» Then since ZP la 
oonstant, and the angle Z?s a min the me 7s must bo a min , but the Bpiiorkal 
ti ! angles i»PZ, mVs being obviously in evoiy lespect equal, we Inivo sm^Ttbf 
and thcrefoic given Hence in the spheuonl tiiangle ^t»Z, the two sides wiZ 
aio given, and the third side to be a min This will obviously be the case when 
S7n, «iZ coincide The object must conscqiioiilly describe siuh a p nallol nVf that 
Z 7ij s n may calndtlc. 

Wo may fiom this leadily compute ns follows — let full the pcipoiidlcular Pa:, 
then la obviously half the sum, and t?Z half the dllTerenco of (ho given /enUh 
distances, which wo shall call « and Prom the light angled triangles *rPZ, 
jvP?i, we have 

cosPZ _ cos Pit 

TT M « COS P « « — JT , 

coaJ(« — ») )’ 

whence 

sin dccl rrisinlat, X — 7 T“' ^ >( 

For shoitcst twilight and «' == 90®, hence cos ==i-^Bin 0^ 

and co8J(a;— <»') r=eo3 9®, thcicfoic, Sse 

This mode of solution cxcmpHIlos the advantage ol discussing by spholcnl 
geometry, previous to coiwevliug a question into founulw 

S 
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01 cLZVUzud^m., ftlso l^MrrPL, mdd VU:=:d PL, comc- 
qiioiitly, tanZMPz: lanZLP, and lliesc angles nic equal* 

Ilcnce 


sinMZP=: 


sin ZMP sin MP 
^I'ZP 


sm ZLP * siiiLP 


-siuLZP 


Theiefoic one of these angles must he the supplement to the othei, 
and consequently LZC :r: CZM 

Conceive tlie cucles of the spheic oilhogiaphically piojccted 
on the plane of the mciiclian Then LK=r smLZ sinLZK, and 
lM = sinMZ,sinIZM 

. , _ IK LK , . T f7T7 Tr/AT \ LZ— cos ZM 

Also o K = V = (since LZK n IZM ) rTr ~\ — 

LK + IM ^ sill LZ + sm ZM 

smLZ=: tan|(ZM-*-LZ) , smLZ And 00 = KC — 0K=: cosLZ 

— lnn|(ZM — LZ) sinLZ, and then OG (the sine of declination) 

zsOO smlat 

For the shoitcsl twilight LZrrOO*^ and ZM=:108®, hence 
OC cn — lau9°, and iheiefoio sm decl south r: sin Int Inn 9® 


Pi op X Tojind when Fe7ixi$ is IrifflUest 

Let S, T and V, (hg 55,) bo the Sim, the Eailh, and Venus 
when biightcst Let TV also meet the oihit of Venus, supposed 
circulni, in II, and join S, II, and S, V The biightnoss of Venus 
vauea as the versed sine of the exteiioi angle directly, (art* IIG,) 
and as the squaio of the distance from the eaith mveisoly Foi 
the density of light deci eases ns the squaio of the distance fiom 
tile ladiatmg body increases. 

Hence when Venus is biightest is a ma\imiim, and 

theiefoic vsmSHV X TIP is a maximum, because TH X TV is 
constant, and theiefoie TII vanes iiiveisely as TV 

LetTIIs:/w, STzzI and 811=::^. Then by plane tiigono- 
motry,*' 

+ a.’ — 2 m (v * cos SIIT 1 * 


Luby'sTug p 
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nud because v sin SIIT— I — cos SIIT, 

inn n I. nyrm 1 .^2 + ^ T 

^ I follows tliatv sinSIIT= — ! — 

2 ?n (I 


mi n 1 — 

Thcrefoio — — ! X *v i** ^ 

2 m 

01 ^ — m* -j- 2 m a/* is a ma\ 

Hence by the piincijiles of the cl iff calc 


1 — — 3 /I }}i /i?= 0, 


01 


'J m 'i 

~T^ 


1 - — 


This oc][\intion gives 

S + 77v^ The uppei sign can only boused, bo- 

u 


cause 3 -j- is always gieatei than 2;;? 

By this value of o) the angle STY will be found about 40° fov 
Venus (ait 110), and the point Y ofgicatost biiglitness lies b(|- 
tween infenoi coujiinclion and giealcst elongation. If the distance 


of Yemis fiom the sun wcie = — , 

v5 


the gicatesl biightncss would 


be at tlie gioatcst elongation, foi then ,17= 

Yf) 


Pi op XI To find )vhc7i a j^/anel s/afiona?^i/-, 

Let S (fig 50) lepicsent the sun, T and P the eailli and 
planet lespec lively, tlieu orbits being supposed oirculai 

Wlien P andTaie slaiionaiy with lospect to each othei, the 
line TP moves paiallel to itself, and the angles T and P only vaiy 
by the appaieiit mofions of flio sun, as seen fiom the eaith and 
planet; which niotions are equal to the angulai motions of the 
earth and planet as seen fiom the sun 

Now the angular motions of the planets about the sun aio to 
each othei inversely as thou pei iodic times, and by ICeplei’s law, 
the squaies of thepenaclie limes aie as the cubes of the dislances , 

s3 
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hence the squares of the angulai velocities of the planets aic in- 
versely as the cubes of their distances. 

Let ^=T, ^* = ST, and r'=SP, a small vnuation 

in T, ancl_^= a coiiespondmg small vnuation in P. 

(1) By tug ?*sin^:=?'sin^, 

(2) and r sin (I l^] — sin (p d- p) 

By equal (2) 

7‘sin t cos t; + r cos t, sin nmp coBp + 7'^ cohp sin ji?' 

Since and i' aie to be supposed indefinitely small, we may sub- 
stitute 1 — cos and =: sin Lq Thei efoio 7 sin t -j- 7'' I cos I ^ 
7^,smp + ^cosi? 

(3) Hence by eqiiat (1) r/tL cos/J— jt/cosjt?, 

But as was shewn above, howevei small i* andy aie 

By squaiing cquat (3), and substituting fiom this piopoition 

f cobH^ 7\ con^2^y 

or 7*^ (1 — ‘sin*^) =3r (1 — sin V) Hence, by cquat (I), 

(1 — sin H) ^ 

■Wheuco n easily deduced 

7 *^' 

sm H — 7 := ; 

and theieforc t is known, 

Tins solution," it is evident, answers both foi a snpenoi and 
an infeiior planet 

Problems tn Tvhtch Appi^osnimaiioiis arc used 

In many of the more useful investigations in astionomy, it is 
sufficient to make use of approximate solutions, as, for instance, 
in those for finding the effects of the precession of the equinoxes 
in light ascension and declination, for the effects of the abeuation 


Tor a different solution ol tins Prop 5 ce Luby's Tng chap 4, pait II. 




APrhNDIXt 


iul 

of ^ight in right ascension and decimation , for the elTects of pa- 
rallax in latitude and longitude, nnd for agieat vaiiety of other 
piohlems, of which instances nio to bo found in oveiy pnit of 
nstionomy Those solutions, although only appi oximatc, admit of 
all the acciuacy that is necessary, and m general aie obtained 
>yitli much gi enter facility than exact solutions could bo In these 
solutions it often happens that wo substitute the sine instead of the 
aic, lacluts instead of the cosine, tlie tangent instead of tlie aic, 
and conversely It is theiefoie of some impoitanco to know the 
limits of the difieiences of these quantities Lot a == an aic, 5 = 
its sine, 0 ^ its cosine, and Ua tangent, lodius being unity . 
then 

J 2 d" 

■ 

t ^ (t ^ d* 

Hence a small aio exceeds its sme by -g-neaily, 

(V* 

the laduis exceeds the cosine by ncaily, 

and the tangent exceeds its aic by neaily 

From whence by the iugonometncal tables it will easily bo 
found that the diTeienco between the arch of 1 ® 40' and its sme is 
only 1", and Ihoicfoio m many cases one may bo safely substituted 
foi the other The diffeience between the tangent 53' and the arc 
IS only 1", 

It IS often of use in these piohlems to i educe a small aie, smo, 


These expicssiona arc easily pio\t{l by the dill calc , niid tiomc wntois have 
pvo^ctl them by principles pwiely tTigonomctncal See Luby’s Tilg chap 1 
part II 
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&c expicssed hi dccimnh of tlie lacljus (unity) to seconds, and llu» 
contiaiy* Which may bo done as follows, Tet rf=aic in decimals 
of the indins, the seconds m the arc, then as the sine of 1" and 
the aic of h' aie ncaily equal, wc have 

sm 1" 1"* a • Hence also a^a suiF 

sin h' 


Pi op XII To^ find how nmeh the time of rising of the situ 
or a star is advanced hy refraction. 

Lotus (fig 57) lepxosent part of the sim^s x>ai«nol of decima- 
tion, 11 the tino place of the sun, when it appeals using at D. 
Then the time of using is advanced by the angle SPll, the mca- 
sxue of which is the aic of the eqnatoi IIL, and also the aic Dll 
= lliG Iiouzontal lefiaction 

The small tiiangle SEI) may be considered as a piano liiangle 
and 

ED SB ♦ ^ sin'llSD = cos PSQ lad 
SB, IIL • 1 ad parallel ladequat smSP lad 
theiefoie IID * IIL cos PSQ X sni SP rad % 

■rj. BD 

cosPSQXsmSP (cosdoci) 

8111 PQ smlat 1 1 - 

But sm PSQ= =ns= 1 — and iheiefoie the cos PSQ liy 

siaPS cos deer 

laiown, and consequently IIL, \Uuch, divided by 15, gives the 
time leqinred 

A somewhat moio simple solution may be deduced fiom the 
above 


cos«PSQ=l 


sup PQ ^ smU^S — >8 m* PQ 
siuH^S "" sin*PS 


8in(PS + PQ)X8m(PS— PQ) , 
sm^PS ' 


^ Xng p 23, formula J 1 
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Uieiefoic IIL:=~ rncmT n\ /iVo ‘ ti. X > 

v' (sm (PS + PQ) X sm (PS — P(^) ) 

. HL _ • 

15 I v'(cos(lat* — clecl) X cos (lat -p decl) ) 

See lemaiks on this pioblom lu Lakude's Asli 3d edition, vol 
3, ait 4028 Cagnoli Trig* p 368 

Coi. 1. If HD be taken equal to the dinmctei of the sun, the 
time tlie sun takes in using will be had 

Coi 2 If ED bo taken equal to the dinbicnce between the 
hoiuoutal paiallax of the moon and the hoiuoiital lefiaction, the 
time will be had of the letaidaliou of the moon in using 


Pi op XIIL Given the enor %n aUUttde^ op in zenith di&- 
ianoQ^ to find the error tn time* 

Let rZ (fig 58) be the obsoivcd zemth distance, and Zs tlio 
tiue zemth distance, rVzzsV the polai disUmco* Join and 
diaw rn a poition ol a paiallel to the hoiizon Then = ei loi 
111 zemth distance, andrPs= the eiioi in the hoiu angle, 

sn*sr 81115 pw rrsm ZpP lad 
sr rVs sinrP lud 
hence sm rVs \ sm r ZP X sm ? P i ad * 

Put sin Z p P X Binr P :=sin ; ZP X sm ZP 


hence the eiioi m time 


sn 


15sm? ZPXsmZP 
enoi 111 alt 


15 sin azira X cos lal 

Oihenvm tJms — Bysphoi.Uig aiL (106), p (67) 
cos pZ^ sm ZP sm ; P cos ZP i -p cos ZP cos r P 

lloncc 

nmrZ*d rZ^&mZV siu^'P,8inZP;' d ZVr 
^ sm ZP sm p Z , sm rZWd* ZP i * 


Consequently 
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01 , as above, '' 


eiroi in time =r 


sinZP sm?‘ZP^ 
eiioi malt 


15smaz coslat ^ 


Cor In a given lat tlie enor in time is least when the sine of 
the azimuth is gieatest, that is, when the azimuth is 90°, oi when 
the body IS m the prime veitical Hence foi finding the appaient 
time (ait 301) the obseivation should be made ou oi neai the 
pume veiUcal 


Plop KTV To find when the pari of the equation of time^ 
which ansesfiom the obliquity of the ecliptic to the equator^ ts 
a ?7ia,vmum 

If the faun moved equably in the ecliptic, the diireience between 
its longitude (AL) (fig 59) and the light ascension (All) would be 
the equation of time Tlie longitude and light ascension are equal 
at the equinox and also at the solstice and somewhei‘e between, 
the difleience is a maximum It is evident the maximum will bo * 
when the difleience ceases to inciease, that is, when the inciease 
of AL= the increase of AR 

Diaw the ciicle of decimation /r veiy near LR and meeting LR 
produced in the pole P 

Draw also /t) a parallel of the eqiiatoi» Then 
Iv rad smALR, 

? D ♦ R sill P 1 1 ad The sme Vv^qos LR neai ly 

Hence 

T , ,, T-n cosAXiad 

nr, cosLR smALR— ftt- 

cosLR 

Therefore L / ’ 'JXr cos ® LR cos A X i ad 

Hence when the equation is a maximum, 
cos ® LR = cos A X 1 ad 
01 cos ^ decl zr cos oh eel 


^ &0C note, page 189 * 
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Olhenmse thus — ^The difterciice of All and AL is a ntax 
tlieiefoie, d AL — f?.AIl = 0* Now Um All =2 cos A tan AL, 
hence 

d All __ cqsA d AL 
cos All COSTAL 


Ilencc, since AL-^c^ AE, we have 

cos ® AL r= cos A , cos ^ All, 
Lut 

cos^LE cos^Allrrcos^^AL 

Ilencc 

cos^L11=co 8A, as above, 


Plop, XV, To deduce the suii's ohmiffo in declination near 
the solstice 

Lei 0= oh eel, 

S= sun’s distance fiom the solstice m seconds, 
aj= change in decimation 
Py cucnlai parts 
sin oh eel X sin long = smdecl, 

or, sinOXcosS 2 =sm (0 — .^) r:smO, co^4^■ — ^cosO sm*r, (261) 
cosS — l — ^S^sm^l", sin = .r , sin F, and because x is veiy 
small compaied with S, cos =: 1 
Hence by substitutions 

^S^siiFl" sinOrz/ysm V' cosO, 

01 .^• = 1 lS^sm F tan 0 = ,00000 1052 S«, 

If I) = sun's distance fiom solstice lu degiccs, 13, 63 
(V will lliiis be had siiflicicutly exact foi soveial days bofoio and 
after the solstice, (see ait 133 ) 

Plop XYL To deduce the change of aUilude of the sun or 
a sta}\ when near the mei xdian^ %n a given lime 

Let^= 2 SP the polai distance of the object (fig 60), o=::ZP 
the codaUtude,and w + t^♦==ZS the zemlh distance, m being the ze- 
nith distance when on the meridian, and (c =:tho change locjuhed 
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(1) , . By tiig, cos [m -|- *v) = cos j} cos c + hlwc cos l\ 

(2) , cos [m + A*) cos;«— siiTi/i, mim, because 
w being supposed veiy small cos*y= 1 neaily 

(3) , cos m =: cos (y? ^ c) :=: cosy-? « cos o -p sm j? sin c 

IIciicQ equating the second inembcis of (1), (2), and siibslilut- 
iiig for cos wi ns m (3), 

^1 1 . . — cosP) 

tliero icsuUs sinrt?=; — — 1 \ 

sin (y? — c) 

But 1 — cosP = 2*sm^^P, 
and sm«^*=s /ysin (page 261,) 

, 2siny; smo sm^iP 

Iloncc »v (m seconds) =; 7 : f^r 

' ^ sm(y? — siul 

^2co8D cos L siii^>|P 
^ sin/« sinl'^ 

Whole D and L = the declination and latitude lospeclively, 
and P= the time fiom the mciidian reduced into space, 

When L and 1) aio nearly equal, and of the same kind, tins 
expiession can only be used at a veiy small distance of time fiom 
the meiidiun, ' 

This problem is of much impoitanco, when moiidional alti- 
tudes arc taken by the icpeaiing circle 

Prop XVII 7'o inmstigate nearly the quaritity and law oj 
atmospherical rejr action. 

Let LI (lig 61) be a lay of light falling on ilio atmospheic at 
I, and icfi acted m the ciuvilmeal couise IS The object appeal s 
to a spectatoi at S in the direction ST, a tangent to the curve, and 
VST is the appaient isonilh distance 

The space xn the ligin o between the concentnc ciicles lepresenls 
all the atmosphere, winch has any effect on the lay of light, so 
that the light may be consideied as passing out of a vacuum into 
this space. 

If the sill face of the oaitli weio a plane, the diffeienl stiata of 
an might bo con‘,ideied as parallel tlieielo, and by the pimciplcs 
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o^optlC‘^, the refi fiction would he llio Hfime as would lake place 
weie tlie lay of liglit to pass fiom a vacuum into lui oi the same 
density as tliat at the sin face It is llu'iefoie evident ihat if ue 
lake into account the spheiical foim of the eaith and fdmospheie, 
the ciioi lesiilling from the supposition of an umfoim aimosphoie 
will, necossauly, be veiy small compared with tho clumge occa- 
sioned by consideimg the atmosiiheic splieiiciil, piovided tlmt 
eliaiige bo small 

Let 7H 1 sin of incidence sin of refraction, when a ray of 
light passes fiom a vacmim into a a of tlu' density ol that al tho 
surface of tlio eaith Sui>posc all the an ooutraded into an nui- 
foim aimosphoie, then iSI is a light Imc LotlUL^se, 

HOzzUf the height of the unifoim atmospliorc =5 ni 

I 

,fimz Slur 

! r/ sin r* sin ? 


w a sms’ /, /\ , 

llcnccsnu= — p -g=:;»>sin^ (^1 — ncnily, 

a siu;^ /, ^ \ . 


Lei it=tr -1- M, then It is the quantity of rofuiction, sm (rH-ii^) 

s=r siiu 

01 because 21 is small, sm r H- cos r * smi^ ^ sm 
01 snw'-l-YiJ siiil" eosr5=:suw, 

siibstituling m this ecjimtum foi sinr mid sau as above, also foi 


cos/', ^ sin ^ 

cos ^ bm neaily, wo obtain 


i2; 


siui— sm r 


snu 


(-r!) 


sm Lk cos r 


sm 1^'. cosit * 
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, tan;?? tan;2^ 

7)1 — I a 

I A — tau*^ 
a 


Hence by actually (hvidiiig 

72 = 


MU 1" i ■“« 


, 7)1 — 1 / , 0 ^ 

— ^.tantr — ■ — ^ -- tan;?; , sec®^; neaily^ 
smr' BinV^ a 


Taking ;?; = 80®, 2=5, and ^=4000 miles, the second tcim 
{axjsing fiom the spheiical figme of the atmospheie) =10^' ncaily. 
If a were infinite, that is if the sin face of the earth weie a plane, 
tlii^ second teim would vanish* Hence we may safely conclude, 
that as fai as 80® zenith distance, the error aiising from supposing 
the atmosphere of uniform density must bo much less tlinn 10'^, and 
that consequently the above expiession gives the rofiactiou ns lai 
as 80® from the zenith with suflioient acciiiacy If we neglect the 
second term, the lefi action will vary as the tangent of the zenith 
distance. 

The exact expeiiments of MM, Biot and Aiago have detei 
mined the value of w — 1 =, 0002946 when the baromotor is at 
29,93 in (Metre) and Far. Theim, at 32®. From their expeiiments 
and the law of expansion of an it may he mferied that 
w — 1 1,0375 & on 1 1 7 

■SuF"" 1 + ,002083 (i[~32) ^ 2^^ ^ 

height of the barometei, and ^ that of Faienheit^s thermometer, 
When if = 50 and 5 = 29,60 inches, this expression gives 

7)i ' I 

— — = 57", 82, a lesult independent on astionomical obsei vations, 
sin 1 


The French tables of refraction, liy Delamhre, founded on 
astionomical observations, give 

8mV'~ ' 

By upwards of 500 observations made by myself with the eight feet 
astionomical cade, 
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TliG above value of 72 is quite cvact oiioiig]i ibi all obseivalloiis 
as fai as 80“ fiom the zomlh 

I’lom about 80“ to the hon/.on the cluiuges of lofiaeiions aie 
so unceitam that obscivalions aie useless foi llie mcei pin poses of 
astionomy* 

The following tables will bo fouiul very convonioiit for com- 
puting the quantity of refi action foi all the y.eiulh disiances not 
giealei than 80“ bVn the paitieulais of tlie (onstuulion of these 
tables, and foi seveial mvosligations lelutive to astionomioal ve- 
fiactions, icfeiences may be had to the 12th voluino of the ^Prans- 
actions of the Hoyal Irish Academy j m whieli I have deduced the 
above expressions foi lefi action, mdepondont of any bypotliesis 
rolutivo to the vauations of density in the almospheie, 

By help of ^Pable I, the fust teun of 72 is obliuned Tlio second 
table gives the second leim of 72, which neai 80” has been slightly 
modified 
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TABLES FOR REFRACTION 


Taulp I 


Fai 

Loga- 

Pm 

Loga- 

1 Pai 

Loga- 

Thei m 

0 

nth ms 

Thmm 

0 

iitlims 

iTlu'im 

0 

ntlims 

10 

0 3283 

31 

0 3048 

58 

0 2827 

11 

0 3273 

35 

0 3039 

59 

0 2818 

12 

0 3263 

36 

0 3030 

60 

0 2809 

13 

0 3253 

37 

0 3020 

61 

0 2800 

u 

0 3213 

38 

0 3011 

62 

0 2791 

15 

0 3233 

39 

0 3001 

63 

0 2782 

16 

0.3223 

40 

0 2992 

64 

0 2773 

17 

0 3213 

41 

0 2983 

65 

0 2764 

18 

0.3203 

42 

0.2974 

66 

0 2756 

19 

0 3193 

43 

0 2965 

67 

0.2746 

20 

0 3183 

44 

0 2956 

08 

0.2737 

21 

0,3173 

45 

0 2946 

69 

0 2728 

22 

0 3163 

46 

0 2937 

70 

0 2720 

23 

0 3154 

47 

0 2928 

71 

0 2711 

24 

0 3144 

48 

0 2919 

72 

0 2703 

25 

0 3134 

49 

0 2910 

73 

0 2691 

W 

0 3124 

50 

0 2900 

74 

0 2685 

27 

0,3114 

51 

0 2891 

75 

0 2677 

28 

0 3105 

52 

0 2881 

76 

0 2668 

29 

0.3095 

53 

0 2872 

77 

0 2660 

30 

0 3086 

54 

0 2863 

78 

0 2652 

31 

0 3076 

55 

0 2854 

79 

0 2644 

32 

0 3067 

56 

0 2845 

80 

0 2636 

33 

0,3058 

57 

0 2836 

8] 

0 2627 


Logarithm m Table L +log baiom log tan zenith dis^ 
tauce z=log approximate lefi action 
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Z D 

28,50 

20,00 

20,50 

30,00 

30,50 

0 

// 

n 

// 

// 

it 

80 

10,5 

10,7 

10,9 

11,1 

11. '1 

7Q 

8,1 

8,3 

8,5 

8,5 

8,9 

78 

6,3 

6,4 

6,6 

6,7 

6,0 

77 

5,1 

5,2 

5,3 

3,5 

5,6 

76 

l.I 

'1,2 

1,3 

'1,1 

1,5 

75 

3,'l 

3,1 

3,5 

3,6 

3,7 

74 

3,0 

3,0 

3, 1 

3,1 

3,2 

73 

2,5 

2,5 

2,6 

2,6 

2,6 

72 

2,1 

2,1 

2,2 

2,2 

2,2 

71 

1,8 

1,8 

1,9 

1,9 

”1,9' 

70 

1,5 

1,5 

1,5 

1,6 

1,6 

69 

1,3 

1,3 

1,3 

l,'l 

l,'l 

68 

1,2 

1,2 

1,2 

1,2 

1,2 

67 

1,0 




1,0 

66 

0,.9 




0,9 

65 

6,8 




0,8 

64 

0,7 




0,7 

63 

0,6 




0,6 

62 

0,6 




0,6" 

61 

0,5 




0,5 

GO 

0,5 




0,5 

58 

0,4 




0/1 

56 

0,3 




0,3 

54 

0,3 




0,3 

52 

0,2 




0,2^ 

50 

0,2 




0,2 

45 

0,2 




0,2 

40^ 

0,1 



’ 

(U 

30 

0,0 




0,0 

0 

0,0 




0,0 


Apj)!' icf— Niunboi Tublo II — rofnii’liou 

I'AmtipIe Zenith dw71®2G', bniom 29,70“ iiiclieB, inul Iher 'll)" 

1 0 2965 Appi lof 175V 

1 ‘1736 'J'lib IT. 2, 0 

Loglim 71" 26 10 ‘1738 

Hor 


Log nppr H'f 175",1 2 2<130 


173.‘t =2'50",1 
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Prop, XVIIL From given small mrialions in the longitude 
of a celestial oljeot^ and in the obliquity of the ecliptic^ to de- 
duce the vai lations of the ; ight ascension and north pola) 
distance 

1, Foi the effects of the vaiiation in longitude Let P (fig, 62 
1) be the pole of the ecliptic, N that of the equnloi, and P the 
fixed stai oi olhei object Let PPMr: the inciease of longitude, 
tile distance PM fiom the polo of the ecliptic remaining the same 
Then PNM is the incicase m right ascension, and diawing MB 
paiallel to the equator, PR is the decrease of noith polar distance, 

PNMiRM lad smMN 
RM • PM • smRPM = cosPMN , lad 
PM • PPM * smPM * lad 

TT TiKTiiJi sin PM cosPMN ,, , 

Hence PNM =: C 7 r= > (because sui PM, sin 

smMN 

PMN=:smPNM,BinPN) 

__ PPM ♦sin PNM smPN cotPMN 
smMN 

By spheiical tiigonometiy^ 

sinPNM,cotPMNz=cotPN sinNM^cosPNM cosNM 

Hence by substitution 

PNM = PPM (cosPN — sin PN , cos PNM , cot NM) [a) 

Also PR = PM smPMRszFM smPMN 

r: PPM , sin PM , smPMN = PPM , sin PN sin PNM, (b) 

2 Poi the effects of the vaiiation in the obliquity of the eclip- 
tic Let AP, PS (fig 62, 2) lepicsent the light ascension and de- 
ohnatlon of the point S, and AQ, QS the light ascension mid dech- 
natioh vy^hen the obliquity pf the ecliptic is changed by the angle 
PAQ, Then >vhen ‘thisi angle is veiy small, PR^ the change of 
north polm distance nearly, and RQ;=: the change of light ascen- 
jsion nearly, ' , 


Trig, p 09, art, 112, 
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sinEP sin A sinAP sinAllP, 
orUP:=rA sm^* ascension nenily (c) 

Also cot AH tan HP = cos AHP Ian HQ , cot SR, hence IIQ r:: 

HP col AH Ian SR, 

and HQ rr A. cos (it asc ) cot (north polar chstance) (^0 
Application of the preceding Prop 

Tho above pioposition enables ns to deduce the apparent iiglil 
ascension and noi th iKilai distnnco fiom the mean, as adectcd by 
picccssion, hinax mitution and solai nutation 

The actions of the sun and moon cansmg'^ a cbango of pliic<i ot 
the inteisoctiona of the ccliiitic and equator, the longitude of each 
object IS changed by the same quantity Tho snmo action also 
occasions the obliquity of tho ecliptic to bo vnimblo Tho actum 
of the planets also changes the plane of the cuith^s orbit, and 
Ihorcfoio the inteiscctions and inclination of the ochptic and 
equator 

Let L=: the mean longitude of a star in tho beginning of 
1820 Then foi tho time 1820 -j-^, / being taken negatively or 
positively, 

App long ?=Ld-50'^19./— 17^30 sinlong 3) ’s nodo.k0",21. 
cos21ong 3) 's node — P',25. sm 2 long©— 0'', 21 . siu21ong D . (/i) 

App. obhq. of eel. (0), foi 1820 + / - 23^ 2^ 47''--0",45 / H- 
9'' 25 cos long 2) node — 6m21ong }) 'h node + 0",5'1. cos 
21ong © + 0",09 , cos21ong }) . ^ . ♦ . . {y‘) 

The foim of those quantities has been obtained by inveshga- 
lioub in physical astioiioiny, the laigox coeflioients and 0",<15 have 
been obtained by obseivation 

In the above tho texm 50'', 19/iuorpasedby 0^', 13 / serves for 
detenmning what is usually called the oflbet of prccesston hh 
right asoensioii and north polar distance WJion so mcxeasocl U 
js the mean cHbet (limi-solar) of tho sun and moon Tho part 0", 


AU. 90, «fc. 


1 ' 
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13^ IS occasioned ty tlic action of the planols, and dimmisliea the 
effect of the actions of the sim and moon. This affecting only the 
ecliptic, does not affect the noi th polai distance. 

The teims depending on the longitude of the moon’s node soive 
foi determining the effect of what has been called the hmar nukh 
lion The teims depending on the longitude of the sun serve foi 
determining what has been called the solar mUaiion The teims 
depending on twice the longitude of the moon, and twice the longi- 
tude of the sun, aie too small to ho noticed, except lu the nicest 
leseaiches, 

I F recession in Tight ascension (A), anA north polar dtslance 

(NPD), 

Taking the angle PNM (the change of longitude in the piecod- 
iiigpiohlem^: 50^^ 32^, t not exceeding a few years, hy equa- 
tion (a:). 

The lum-solar precession m light ascensions 

50"^ 32^ (cos 0 4“ sin 0 smA cotNPD) = 

46^ 18^4- 20", 04/, sinA, cotNPD, 

from which suhtiacting 0", 13/, the general precession in rigid 
ascension will he had 

By equation (6) the pieoession in NPD = 

' ' ^50", 32/,slnO,cosA=:: — 20", OdiJ .cosA, 

Coi L The pieoesSion in light ascension will ho siihtractivc, 
when sin A cotNPD is negative and gieater than cotO, which can 
nevei happen hut when cot NPD is gieatei than cotO Thoiofoie 
the ]?ii^ht ascension of every stai, the polai distance of which \h 
greaf^x^tlmn 2^8’ is aliyays incieased hy piccession, 

equally the noitli polar distance of 
' eve^y Sfef feie-s&nio right 'Ascension 

' ll ttiinar nutation tn right ascension and north polm* 
distance 

Let the angle FNMss— 17",30,suiN, N being the longitude 
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uf tliG moon’s nocle^ nnd tlic cliancjo of obliqiiily =::D, 26 cosN 
Soe equations ((?) nnd U ) Then by oqualioiis (a), (t^) 

Nutation in light asconsiou = 

*--17'', 30 smN (cos 0 + Bin 0 sniA cotNPD), 

+ 9'^, 25 cosN cos A cotNPDrr: 

— 15,87 sinN— [8" 07 cos (A— N)+ 1M8, cos (A+N) ] 

cotNPT) 

By equation {/^) and (o), 

The nutation m north poliu distance 

17", 30 smN sinO cosA— 9", 25 cosN sin A, 

— 8", 07 sm(A— — 32.8111 (A -1- N). 

Iir Solar imtation t7t n//fU ascmatoi mA north jwlar 
distance 

Lot the angle FNMssl", 25 sm2S, S being the longitiidu ni 
the snn, and the change of obliquity s=: 0, 5'1 . Cos 2 S, and wo oIj 
lain by a pioccss siimlai to that in II 

fSolat* nutation in light ascension ra 

— 1", 15 sm2S— [0,51.cos(A— 2S)+0,a2 co8{A-f2«)l 

cotNPP 

Solai nutation m noith polar distance = 

—0^51 8m(A— 2S)--0",02 sin(A + 2S) 

The solai nutation has also been called tlic semi-annual eqna 
tion, because depending on twice tlio sun’s longitude it goi*'i 
lluoiigh its peiiod m half a yoai. 

Pi op. XIX. 'jTo deduce the effect of the aherratUm of Uffht 
on the right ascension and dechnalioii of a star 

Lets (fig G3) bo the star, ED the equator, N its pole ^ MEL 1 1 
lliocchptic, and MSagicat cnolo peipendiruhir to the ciicle of 
decimation NSIID 

Let L be the point of the ccliptio towaida winch the cm 111 L 
moving, which is always 00® behind the place of tlio sun 'rnku 

'1 9 . 
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Ai’i'i Nnl\ 


80 Hint sin Sy; : Bill RL •! vt'l of I’tulli. vol oflighl: !mu‘2(i"j 
iiul, 01 wliidi (’onu'8 id (in' Billin', 


R/i'ti()''I,.:HiiiHli:in.l, 

fhcn p 18 llii' npiimoiit iilnco oC llio Hinr iim ii(ri'i<li'i1 liy tilti ii.idtni 
(iirt. 2ftl mill 2H.')), 

3)inw i><i jmi'iilli'l to (ho ofjimliiv, mid (Inn Ry r- nln iiiilmn in 
(loi'lninlioii. AIko ^/Nj/sr nlH'i'intnm in light iikci iihioii l,t( w 


1 . ,pil ! : ! Hiii^iRry • rml 

fl;i ! « ! ! Bin RLi \ iml 

y)N< 2 .y>y.:ind!KinN 5 f, or miiNR minifii'iilly iicin 


lloncc yiNysa 
I'liHon ill 11. nscon. 


w.HinyiR y.HiiiRL n Hnilf Bin tiff 
Bill NS " ~ ' Hill NS 

fOHill'd. 


1 or nhii*" 


2, . Aheii’ftUon in ilod caSi/ssS;;. conyiRiy ss w.sin.SL niii Msf, 
S3 20", 1. BUI M. Bin Mil. 

Fiom llio iihovo ukiiu'kbioiih wry ('oiivoniont i»im*liriil romiulnB 
inivy 1)0 ik’ilut'oii 

mo oointmit loi it givni H(ni, (hr 

iihorralioii m right iihcoubioii viinos nti Hut miih' oi' Idl, nml llio 
ivborralion in doehnnllon varies ns the sine of fiM. 

1, LotLalho mill’s longitudo, Hien, hoctitiiio (ho nhorrntinii 
111 right nsconsion (A) vnrios nn Bin LUas 

mil (Eil— (L— *«)«) ) ~ am (0(1" — (k w Mil) ) s= 

cos (L wEIl), wo limy express it hy ?», oos { liw K}, nnci Niippomiig 
j/tposlllvo, KttaElIwUl ho Ijiomm’s loiigitmto whon tlio nhorrn 
Hon is ttinaximum mid poBftlVe, K anti m may bo fguml iii llio 
1‘ollowliig Wnher i 


lanK(EH)a 


JanKl) ^ hill A 
cos llT''(0 cos O' 


Wlioii L ss aO", tlio poinlr Ii is in E. 
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Tlicii w (cos 90 — K) = m . siii K ah in il asccna 

emA 


— 20'^]; smlLsmEII 


Hence m 


cos I) 

-20'4 sin A 


cos I) 


cos I) smlC 


It only icmnins to be bnowii to ^vllat (j[iiadiant K belongs: 
tan K has the same sign ns tan A 

Because is positive must bo negative, cos I) being 

always positive Theicfoio A and K must be in opposite semi- 
elides, and, then tangents having the same signs, they must be m 
opposite quadiants, 

2. Again, because the nbennitiou in deolination vaues as smML 
==: sill (ME + L^OO) =: cos (180 — ME — L), wo may expix'ss it 
by w' cos (LcoK'), and supposing vi* positive, K':= 180° — ME 
will be the sun’s longitude when the abouation is ti mavimum 
and positive 

and are Ibiind m the following nmnnei : 
lauK'r= — Ui MK 


sill PE 


By spheiical tiiangle^ PEM 

tanME=:— ^ 
CO t P s 111 Jv + c( )H cos 1 ^ 

Tliei clous because cot P = — cot S PH {=: ilec 1 ) 

cos A 


Ian nr 


colH.binO — am A cosO 


Also sill M . sill ME sill PE ♦ sin V tr cos A siii 1) 

Thoiefoie m' ==: cpuiduuit to which 

K belongs IS thus cleleiimned, the sign of tauIC is known from its 
value above given. The sign of w' being positive, cos A, ami) 
and smK' muat have dilleient signs, but knowing llio signs of tiiu- 
gent and ame of an aic the tpmdiaut is known 


Ciigiioli Tnj? p Luliy’h iiift l> 
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The quantities w', K, Ji! being constani foi the same fltai, 
lendei tins a very concise method of computation, when the abei- 
lations of the same star foi seveial days are leqnixed, or when 
tables of the abei rations of a given star aie leqimcch 

Indeed m and are not stiictly constant on account of the 
vaiiable velocity of the enith, but the variation is so smaU that 
usually it is not considered^ 

When a single place of a stai is lequiied, then genoitd tables arc 
moie Gouvemont ® 

The thice last pioblems containing the oflects of lefiaction, 
precession, nutation solai and lunar, and aheriation of light, aie of 
constant use lu piactical astionomy 

Flop XX Give 7 i the mean anomaly of a planet ^ to Jlncl 
the trite anomaly 

Let the semiaxis majoi of the planet's oibitru 1, its eccontxi- 
city m n the mean anomaly, z zn llie eccciitiic anomaly, and 
?/ rr tlie tine anomaly 

Find the aic tl^ so that 

(l)..tantZ= — — tun A w, 

then cccentiic anomaly neaily, (art, 233) for which sub- 

stitute j:?, andletjp+ y=rr, the eccentiic anomaly 

Now by the same aiticle 

(fig 33) ACL(«0=ACI(2 ?+/i;)+LCI 

Now LG aicLI=r:2aieaLCI=:2axoaSIC==:SC CLsiuICL, 
or 

AicLI^8G siuICD, 

Hence the seconds in LI,' or the angle LGI = 

^ sm 

Theiefpic »i = »+ ® - 

' * ' sml" 


« Wocdh«Bse’s Astr, p, <108, SHo Conn, dos Torops 1810, p, <132 and 4<12 
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^ (iQH)}, because w is bmiilL 

* ‘ sm 1" * 

If, to adapt this o\piessiou to logaiithms, wo xiso tho auxiliaiy 
aic b 

so that cos^?=:cos&, 
lhenl+<J cosi?:r:l +cos&:=:2cos4^ 
e bmp 


Also letp- 


:m^ 


sin I" 

Then m Wi'+ 2 U)S * 3 b 


P) 


♦ .or ^ 1 .=: 


m — }}if 
2 cos « 


TJie ccceniiic anomaly (^; + /i) thus found will bo sunioiontly 
exact to givo tho tiuo anomaly to loss tlmu a second foi nil ilio 
planets And by ropoating tho pioccss, using this Inst ccoontrio 
anomaly maiead of p^ the eocciitiic anomaly will lie olitainod lu 
tho most eccentiic 01 bits. To find tlic tuio aiiomuly, Iho following 
equation ^has long boon used 

1 fy 

(3) . ♦ tan y = 

niio solullou fiunibhed by the equal ions (1), (2), (3)> appears to 
be bettei adapted to practice, and it uffoids a mom exact result 
tliiiii the solutions usually given of tins pioblom 'fhe pnilieulaiH 
of this metliod of solving this impoilant pioblcm, and llio jnacU 
cal inle icsullmg, aio stated in the Tuinaactions of I ho Royal Irish 
Academy, vob ix p, 143, 


^ This rnuy he proved ns follows — -Uoleuiug to fig SIJ, we Imvu 

I 

SD = PS coswrnr coaw See Idoyd's AimlylltGoom p 1 10 oil ,'jl 

*' 1 — a, cosy *' 

cos if (* 

-• — . Then suhtracling each side ol I Ida ccpiat fiotn and 


IIgiuo cosii 


1 ■ — c cosy 


adding It to unity, and by iUvIaiuu there le'jiilh \ - r:::. X 

l 'H'*" LOS X 1 0 X COS jj 

Ucucc by Tug p 2'1, foim, D2, uo have lau ^ A laii^i» 
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Prop. XXL Given the lionzontaj ^amllcm of llie moon a^ul 
apparent altitude^ to find the pciiallax in altitude 

2 Gwen the lior pto alknv and true altitude of the moon^ to 
Jmd the pai alla(v in altitude. 

3 Fiom the apparent altitude and horizontal parallax^ to 
find the apparent diameter of the moon 


1 Let the nppaient zenith distance tlio tiiio zenith diftl 
i>, tlie paiallel m alt zipy the hoiizoiilal paiallax =//, 80 = I, 
= (ftg 6*1). 

then sm VSL{^?) . sinSLO ( jt>) . : c? ; 1 


or sin p sr 


hmz 

~dr^ 


'when p^hy 

thcrcfoio then sni A == 

d 

oonbOcpicnUy Bm^= siu7^. sui;^, 


01 sufiiciently neai, p::zh 8 in; 2 f 


Tlie eqnaioieul paiallax, that is, the hou/ontal pniallax at llio 
eqiifiloi, IS given foi noon and midnight at Oxeemvicli in the Nau- 
ticcd Almanac, and Iheiofoic the hoiizoiital paiallax may be found 
lor any latitude by diminishing the hoi i/onial pniallax in pi open - 
tioii of the distance fiom the contie of the caith to thg cquatoical 
scniKliamctei 

2. As above, sin p =: sin h . sin z = sin h sin {y ji?) = sm h . 

Bill a cosjp-hsmA cosy 


Tlieiefore 


sin// smy sin 7/ 

1 — Bill A. cosy ^ cos^ 


=r tan p 


Piom which may be found by a piaiticxilai pioccss^ 

smA suiy , sm^A sm2y , [sinVe. sm3y , 

= sini-” t ■ +~7ir3~ + 


3, By what appears the most acoviiatc lesiilt, the moon’s dia- 

' I 


I 


Antrcp Dblambro, \,Qm 1. p W Yi)g purt II Uu 
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motoi, 5een fiom the ceiitio oi the cfiitb, lioiuontnl oqimtoieal 
jmiallav * . 5455 10000 Let this ratio be expiessed by llio latio 
of m 1 

The appaiont dminctci of the moon fioin S j appaieiit (bametoi 
tiom centio * CL* SL , ! bi\iz bin {a — p) If tho boiiisonun 
equal paiallax ho expicssod by then tlio mooifs nppaient dm- 
jnetci ns seen fi om tho centi c :=: me 

Ileiioc tho api>r cliam fiom S = — 

* ^ sill [z — />} 

Plop XXII 2b Jlnd the moon's j^^ivalhietn louf/itude and 
lalUndCy Imnnij ymn the horizontal pariillax. 

Lot % (fig* 65) ho tlio sjcmthj P tho polo of the ecliptic; T tlic 
tiuo place of tho moon, and A its appnienfc place in the same vor- 
tical ciicle ZTA Thau 'J'PA is the paialhix in longitude, and AQ 
is tho painlla\ m latitude, QT being painllol to tho eolijitic, 

PZ tho distancQ of tho polo of tho ecliptic fiom tho zenith, 
^vhiclus equal to tho height of tho nonagesimal clogico, niid also 
tho longitude of tho zenith point, aio found by Flop 5 

Ilenco ZPT, tho diflbicnce hotwoon tho true longitude of tlio 
moon and tlio longitude of the zenith point is known. Tlicrcfoio 
in tlio tuanglo ZPT aio knmvn ZP, FL\ tho distance of the moon 
liom tlio polo of tho ecliptic, and the inoludcd anglo ZP'Jh Ilenco 
TZ, tlio iiue zomth (lislonco of the moon, and Z'fP may bo com- 
puted 

TZ hcMiig found, TA thepwrnllax in iiUitiido will bd ibimcl by 
the last pioblom 

Then in tho tuanglo ATP aic known TP, AT, and tho inchidcd 
anglo AfP, lienco the side AP and the anglo APT may bo found, 
This solution of tlio problem has Iho advantage of being exact, 
and also of lequinng the solution of two oblique unglocl tmnglijfii of 
e\fictly the snmo data 

It has the disadvantage of lequiuug seven jilnces of 
'fhc parallaxes in longiludo and latiLudo may ho tllso 
appioximaie foimulu), in lha computatiou of wliloh flye 
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logiUltlims are sufTioicut “ But euch foimuloe aio in some respects 
mcoiiveniGnt, and peihaps on the wholo liave not muoli advantage 
ovei llio aliovG 

The above is on the supposition that the oaitli is spheucal 
An allowance is made for its spheroidical figuie, as Mayei fust 
shewed, by simply diminishing the latitude of the place by the 
angle contained between a pcipondiculai to the suiface and a lino 
diawii fiom the place to the centie of the eaith This angle ly 
easily computed, and is, taking the excess of the diamoteis*j}^y, m 
the lat of Dublin 0" No othei tfiange is necossaiy than 
using the latitude thus diminished in computing the nonagcsimal. 

Pi op XXIII To find the longitude of a place ly ohse^nng 
the difemice of the times oj the transits of the moon and a 
fixed stai , the same ohsermiions hamng Icon made at a places 
the longitude of which xs Imown (ait. 310). 

As the obseivations lequiie a transit mstiiimeni, and as the 
clock used with the iiaiisit instrument geneially shews sldeieal 
time, the dKTeienco of times is supposed to bo suleieal time 

If the moon did not move, the dillbience of times of its tiaiisit, 
and of tliat of a lixed star would he the same at each place The 
diffcienae of the differences aiises entuely fiom, and is equal to the 
incieasG (I) of tho moon’s light ascension imtime, in the mteival 
between tho passitg^S of the moon ovqv the meiucUnn of each place 

Hence if we know the iticieaso (N) of the moon’s light ascen- 
sion in one hoiu of sideieal tune, 

N I' \lh Xrr the angle in time dcaciibed by the western 
meridian m the intei val of tho passages of the moon diff, of long. 
I< 

Hertoe diff. of long — Ir=:~ — I. 

By the Nautical Almanac tho, moon’s light ascension is given at 

I , I 

-i, L , 

<V VjWi^ Astv Vob Xip !07' r P an^ 307. 



AlU’liNJJIX. 


2H.} 


nppnicnl noon and mKlnight to minuter of a dogict*. Fioni Uioutu 
its inciefiso m nu houi* of siclciciil liino may Im ioimd. 

The incroiise for thnlhoiu should be used, Iho niiddlo of Avlui h 
IS nearly m the middle of Iho mtoivnl which int'huh'» Iho obsoi* 
vntlons 

This method is susceptible of gieiit uocuincy, find wlicn llm 
places diffei much m longitude, tho inciciiao of light iisicimmii of 
the moon should be eompnlcd inoic nceiniilcly tlum emi he dtinit 
fiom the right ascensions given m the Nnuliciil Ahnuniic Ihit llw 
light ascensions call bo obtiuned fioni Iho InliludcH and liingiUidi>t 
given 111 tlio samo woih as acoinatcly us can ho d(>siiud, hy llui con. 
vei'sc of Pi op. 4. 

Tho best method llieu would bo to aasiimc Iho cHniu'ciico of Jon- 
gitudo =L', which can bo done iiciuly, and thou coinputo (he 
inoiease (TS) of the moon’s tight ascension in tho tjUlcronl tiiiio 1/ 
and then 


JS.Ij 


L'. Xr=: 


Ify 

if’ 


and the exact dilf of longitude 


Put this exactness is only nccossniy when lliopinm diirer con- 
siderably in longitude.' 

The moon’s limb is observed by a tninsil instrunicut and not 
the centre, but ibis makes no dinoionco except wliou tlio pliiecs 
differ mnoh in longitude. It may then bo nocesaary to lunku nu 
nllowanoo ior the moon’s altoration ofdislnnco, whioli 6hnngoiji Its 
appavont diameter, and also for its chtingo of dccliimlion, whicli 
changes its aomi-diametcr in right ascension, 

A mean of many losiilts obtniiiLMil by observing tho (ninsils of 
the moon hofoic and after opposition, wlicu dillerenl liuibs nro on- 
liglilenod, will give great (iccuniey. 


Prop XXIV, 'To Jind tJie Im^uutU) of a /t<om lha 
comparison of tho ohormlhm if tho ot^ orni of an 
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eehpsG of the made at two placeSy the longitude of one of 
which 18 hnown, 

1, At one of the places let, at the time of observation of the 
beginning of the eclipse, the sun’s semi-diametci + the moon’s 
semi" chain = S The moon’s semi-chametei is to be mcreasecl 
according to its altitude (Pi ops 21 and 22) 

Let the true latitude and longitude of the moon at the time of 
obseivation be found fiom the Nautical Almanac. These should 
be collected foi the eiioia of the tables if knijwn by obseivation, 

Tlio apparent ktitlide (L) of the moon ahd,tho parallax m Ion*' 
gitude are to be found by Pi op, 22 At the same time tlie apparent 
diameter of the moon may be found 

By the light angled tiiangle foimed by S, L and the appaient 
diflferenco of longitude of the moon and sun, we can find this ap- 
parent diff its log being equal to the log 

= ilog (S + L) + ilog (S-"-L). 

The appaient diffeience of longitude between the sun and moon 
being known, the iiuo dilTciencc is known, by help 'of the moon’s 
paiallax m longitude. 

Ilcnco the inteival between the time of observation and tlie time 
of conjunction as seen fiom the centi‘e of the earth, is known, by 
the help of the sun’s and moon’s motions in Jongitude given ui the 
Nautical AlmaimO.: Theiefoie the time of the tiue conjiniction is 
known at one of tho places 

2, By a similar piocccding the tune of the line conjunction will 
bo known fiom ilie observation of tlio beginning at the othei place. 

The difieience of those times is the diffoicnce of longitudes 

The mode of proceeding is the same for detei mining the difibr- 
eiico of longitudes by observations of the end of the eclipse Pi om 


It Is convenient to cairy on tlic computatioUjio that the eflbct of any cufors 
111 the ihta on the vesiilt miy ho known, uml tliiiB the ilogice of the acciuacy of 
tlio conclusion esUmatocI This may bo dono ns follows ; 

Let ir/srz: the errov in tho sum of the aoml dbiiinotcis, 
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llic’ above aUo may bo xmclci stood tbo mode of piocecding in delei- 
mming tlic longitiiclo by an occultiition of a stai 


Piop» XXV, Oomiderinq ihe earth as an ohiatc 
the equator eal diameter emeedmg the polar diamelei ly only a 
small quantity^ to fmd the arc of the meridian mlerceplcd he* 
tween the equator and a given place, 

APN (fig, 6G) IS the elliptic qnndiant, N the polo^ AOM Uio 
ciicxilai quadrant, and OT, 1'PU are tangents, 

Let AC=w, CN=-9J, the lat of the place P (== GPU) rn 7, 
TOB n Cy AB =5 tVy and AP = Zy 


cot7 , cote? * ' PB OB n\ w, 

' xyhence cot<^.* oot ? =: making = 1 


Hence 


do 


1 


ai 


\ 

1— i? 

Also }?i , cos TOB zr 7n — w coa o Ilcnco ^ =2 ni , do 

sine , lul duo sz dz . sm/, tlxoiefoi-e dz = 

I — s sm“^ 

To (levolopo tlio light hand ‘iido of tins equation, regarding only 
Ihe fust power of the small quantity «, lotoses: A Then sm 


il i — tbo euoi in the latitude ol the moon, 

(Ipzr: the eum ni the hoii/onlal piuallax 
Then if the computation bo can led tlnouflh ^uli llieae riwmUltlea uiinoxed to 
the pum of the Beml-dlamelcra, latitude ot the moon, and hoihonial patallnx; no 
shall have, calling T tlio time of coi\)unctloii computed ns in tlio above solution 
liom the eastern observation, and T' that horn Urn westoiii. 

Tlio time of conjunction dtoastom place , =T+«c?j-f 
The time of coi^ unction nt westoin place. ,=z;T^4.aVh+&VU+e'rf/i 
'Where a, ht r, a% h\ c\ aio coofllelonts icsulting horn the Oompntallon 
Hence the di/T of longitude ss 

Prom the mogniUulc of the coclT (« — «'), &c, the accuracy of tho losiilt may 
be eatluiatcd Tliiiji if &c , be veiy amall quantities consldoidbly loss 

than unity, the obseivatlons aic adapted to give the difrcieuetf of longitude to con- 
sulcifible accunicy Vid Oonii, des Tom, ISU, p 438. 
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Iv =r sin OTP 5=: sm TPO 

^ , OP 
But— ==:.^ 7^.= 


OP 
OT’ 
OP OB 
OB OT' 


m — 71 


cosczzs cqh{1 — '^1 


OT OB OT" m 
Thus sin /(J IS of the same oictei* of magniiucle ns niKl ihoicfbrc 
(suicecoa(^ — ‘/t,) r:;cos Z» cos/tJ + sni^ sm7»J:= 009 ? + ^ • sin /), lo- 
gai ding only the fust poweis of s, we have 7iJ ss » sin 7 oos L 

Now sin c r= sm (7 *— 7^) sin (7 ^ ^ . sm ? * cos / ) as sm 7— , sin 
7 . cos® 7 llciice we have 

(l~3s.cos*?) 

1 — « ' 

= m,dl, (1 — Js~4 .jj.coaXZ). 

Hence mtegialing 

«=s , [I " . Bin 1" — |s?, Bin 1">— ? . e. sm 2 0 , 

1“ denoUng the latitude in seconds 


Prop. XXVI. G'wo71 (a) iie length of the are cf the meri- 
dian letiveenXJ «K(?1i'4-D, and (&) the length of (he are between 
L" and L"-{-D, to find the eqmtorcdl and polar diameters (»)) 
and (n) 

We flist and ms or m—n, and then m as follows; s is culled 
the eompression, Let D" denote the seconds in 1); then hy the 
preceding prop. i ^ , 

a=:m, §.«, 8in(2L' + 2D)+jJ. 

, ' , I , s,sin2I/} . (1) 

b=inu {L".aml"— |s.D".Binl"— f s.sin(2L" + 2X)) + |. 
s Bm2L"} 

6— «=f sm. lsm(2L'4-2D)~-sm2L'-:-sin(2L"+2D)+sin2L''l . 
Bttto sin(2I/+2D) ‘-Bm2L'=:28|nL.coa (2L'+ L) 
8m(2L"+2D'— sin2L''j=28mD . co8(2L"+D) > 
cos(2L -f D) — < cds(2L"-|-D) =s 2 sm (L'4’L''-f‘I^)i' 

' ' 8fn(L"-.L') 


, NS»'Llg.ii,,«, twftnOeB (13), (11) 

1 , ' ‘ 
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p! 

llcucop' 

h~ — «=;3«i s.smi) sin(L"— L') sin(L"+L'+D) 


3 sm D , sm — L^) ♦ mu (L" 4 - L' -|- D) 

My ofiimlion ( 1 ) 

If D be a small aic ^ 1 % ^ neaily, 


and m ; 


cos {21/4*11). ^^onzzm—ms 


Eicample Colonel Mudge found the degree commencing I at 
61^ 32^ ^tiorth 1 = 2 121640 yards* Majoi Lamh ton found the degiee 
commencing lat* 12^ 33' noith = 120975 yaids 

By the above foxmuloD, m — 22167 yaids, ?» = 6972238 
ytuds ^ 3961,5 miles, :^ = 6950071 yaids = 3948,9 miles, and 
^= tH 


I j,. f » j: 

S,/ 1 '^ JiFl V '.ji ' 'l I -'1 


v 7'"^, ' 

'L A wif-ffe.; i ' I ' ,ifr 






ii Vh I I ^ I 

^ ^ ^ I J £ I 1 W - V J ^ ^ ^ 

wK<‘"«' 4 MtW jJ^ka©, kj"'®. " ,1 


